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FOREWORD 

This handbook, which has been processed by the Structural Engineering 
Sectional Committee, SMDC 7, the composition of which is given in Appen- 
dix R, has been approved for publication by the Structural and Metals 
Division Council of ISI. 

Steel, which is a very important basic raw material for industrialization, 
had been receiving considerable attention from the Planning Commission 
even from the very early stages of the country's First Five Year Plan period. 
The Planning Commission not only envisaged an increase in production 
capacity'in the country, but ako considered the qiiestion of even greater 
importance, namely, the taking of urgent measures for the conservation of 
available resources. Its expert committees came to the conclusion that a 
good proportion of the steel consumed Dy the structural steel industry in 
India could be saved if higher efficiency procedures were adopted in the 
production and use of steel. The Planning Commission^ therefore, re- 
commended to the Government of India that the Indian Standards 
Institution should take up a Steel Economy Project and prepare a series of 
Indian Standard Specifications and Codes of Practice in the field of steel 
production and utilization. 

Over six years of continuous study in India and abroad, and the delibera- 
tions at numerous sittings of committees, panels and study groups, have 
resulted in the formulation of a number of Indian Standards in the field 
of steel production, design and use, a list of which is included in Appendix A. 
The basic Indian Standards on structural steel sections are: 
IS : 808-1957 Spboipication for Rolled Steel Bbam, Channel and 

Anole Sections ( Since revised and split up into parts ) 
IS: 81 1-1% I SPEGincATioN for. Cold Formed Lioht Gauge Struc- 
tural Steel Sections ( Since revised ) 
IS : 1 161-1958 Specification for Steel Tubes for Structural 

Purposes ( Second revision published in 1968 ) 
IS: 1173-1957 Specification for Rolled Steel Sections, Tee Bars 

( Since revised ) 
IS : 1252-1958 Specification for Rolled Steel Sections, Bulb Angles 
IS: 1730-1961 Dimensions for Steet, Piate, Sheet and Strip for 
Structural ahd General Enoineerino Purposes (Since revised 
and split up into parts ) 
IS: 1731-1961 Dimensions for Steel Flats for Structural and 

General Enoineerino Purposes ( Since revised ) 
18:1732-1961 Dimensions for Round and Square Steel Bars for 

Structural and General Engineering Purposes ( Since revised ) 
The design and fabrication of steel structures is covered by the following 
basic Indian Standards: 
IS : 800-1956 Code of Practiob for Use of Structural Steel in 
General Builoino Cohstruction ( Since revised ) 



in NANDuOOK rOK (TRUCTUKAL INOINIBM : ITUL OOLUMMI AND mOTI 

IS : 801-1958 Code of Practice for Use of Cold Formed Light 
Gauge Steel Structural Members in General Building Con- 
struction (Since revised } 

IS : 806-1957 Code of Practice for Use of Steel Tubes in General 
Building Construction ( Since revised ) 

IS : 816-1956 Code of Practice for Use of Metal Arc Welding for 
General Construction in Mild Steel ( Since revised ) 

IS: 819-1957 Code of Practice for Resistance Spot Welding for 
Light Assemblies in Mild Steel 

IS : 823- Code of Procedure for Metal Arc Welding of Mild 

Steel ( Under preparation ) ( Printed in 1964 ) 
IS : 1024- Code of Practice for Welding of Structures Subject 

TO Dynamic Loading ( Under preparation ) ( Printed in 1968 ) 
IS : 1261-1959 Code of Practice for Seam Welding in Mild Steel 
IS: 1323-1959 Code of Practice for Oxy- Acetylene Welding for 

Structural Work in Mild Steel ( Since revised ) 

ISI undertook the preparation of a number of design handbooks. This 
handbook, v/hich is the third in the series, relates to steel columns and 
jiruts. liie first one on structural steel sections was published in March 
1959. The second handbook, which deals with steel beams and plate 
girders, is being simultaneously published along with this handbook. Other 
handbooks proposed to be published in the series in due course are expected 
to cover the following subjects: 

1) Apphcation of plastic theory in design of steel structures 

2) Designing and detailing welded joints and connections 

3) Design of rigid frame structures in steel 

4) Economy of steel through choice of fabrication methods 

5) Functions of good design in steel economy 

6) High strength bolting in steel structures 

7) Large span shed type buildings in steel 

8) Light-weight open web steel joist construction 

9) Multi-storey steel framed structures for offices and residences 

10) Roof trusses in steel 

11) Single-storey industrial and mill type -buildings in steel 

12) Steel transmission towers 

13) Steelwork in cranes and hoists 

14) Structural use of light gauge sections 

15) Structural use of tubular sections 

Metric system has been adopted in India and all qtiandtiet, dimeiuions 
and design examples have been given in this system. 
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Thu handbook is not intended to replace text books on the subject. With 
this object in view, theoretical treatment has been kept to the miniriium 
needed. Special effort has been made to introduce only modern and practi- 
cal methods of analysis and design that will result in economy in utilization 
of steel. 

The information contained in this handbook may be broadly summarized 
as follows: 

a) Explanation of the secant formula adopted in IS : 800-1956, 

b) Design examples in a format similar to that used in a design ofEce, 

c) Commentary on the design examples, and 

d) Tables of important design data. 

In accordance with the main objectives, those types of columns and strut 
designs that lead to the greatest weight saving in steel have been emphasized, 
as far as possible. 

The calculations shown in the design examples have all been worked 
out using the ordinary slide rules. The metric sizes of rivets and plates 
incorporated in the design examples are likely to be the Stanford metrjc 
sizes which would be produced in this country. Indian Standards for these 
products are under preparation. 

This handbook is based on and requires reference to the following publica- 
tions issued by ISI : 

IS : 226-1958 Specification for Structural Steel ( Second revision ) 
( Fifth revision published in 1975 ) 

IS: 800-19.56 Code of Practice for Use of Structural steel in 
General Buildino Construction ( Since revised ) 

IS: 806-1957 Code of Practice for Use of Steel Tubes in General 
Buildino Construction ( Since revised ) 

IS: 808-1957 Specification for Rolled Steel Beau, Channel and 
Angle Sections ( Since revised and split up into parts ) 

IS : 816-1956 Code of Practice for Use of Metal Arc Welding for 
General Construction in A'Iild Steel ( Since revised ) 

IS : 875-1957 Code of Practice for Struci jral Safety of Buildings : 
Loading Standards ( Since revised ) 

IS: 1161-1958 Specification for Steel Tubes for Structural Pur- 
poses ( Second revision published in 1968 ) 

ISI Handbook for Structural Engineers : 1. Structural Steel 
Sections 

ISI Handbook for Structural Engineers on Sinole-Storey Indu- 
strial and Mill Type Buildings in Steel { Under preparation ) 

ISI Handbook for Structural Engineers on Use of Steel Tubes as 
Structural Material ( Under preparation ) 

ISI Handbook for Structural Engineers on Multi-Storey Steei. 
Framed Structures ( Under preparation ) 



■I KANBaooK roK muoTUKAL uMinttnu : nuL oolumim and mun 

In the preparation of this handbook, the technical committee has derived 
vahwble assistance from Dr Bruce G. Johnston, Professor of Structural 
Engineering, University of Michigan, Ann Arbor. Dr Bruce G. Johnston 
prepared the preliminary draft of this handbook. This assistance was 
made available to ISI through Messrs Ramscyer & Miller, Inc, Iron & 
Steel Industry Consultants, New York, by the Technical Co-operation 
Mission to India of the Government of USA under their Technical Assis- 
tance Programme. 

The photographs in this handbook have been provided through the 
courtesies of American Institute of Steel Construction, New York, and 
Butler Manufacturing Co, Kansas City, USA. 

No handbook of this type can be made complete for all times to come at 
the very first attempt. As designers and engineers begin to use it, they 
will be able to suggest modifications and additions for improving its utility. 
They are requesteid to send such valuable suggestions to ISI which will be 
received with appreciation and gratitude. 
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SYMBaLS 

Symbols used in this handbook shall have the meaninia; assigned to them 
as indicated below : 

A = Area of section; Greater projection of the base plate beyond 
the column 

a — Distance between the main components in a laced or battened 
section or width of rectangular stress block in bearing 
plate design 

B ■= Lesser projection of the base plate beyond the column 

b = Flange width 

d — Depth of a section; In rivet groups, the diagonal distance 

between two rivets; Spacing of battens in a battened 
section 

(/| = External diameter of a tube 

df = Internal diameter of a tube 

E — Young's modulus 

£( = Tangent modulus 

€ == Eccentricity 



tc 



r 



t 



Eccentricity ratio 



F, = Longitudinal shear 

F, = Permissible axial stress 

F^ ~ Permissible bending stress 

F, »= Permissible stress in direct compression 

/„ c= Calculated axial stress 

/t = Calculated bending stress 

/, = Stress at proportional limit 

/, — Calculated average shear stress in the section 

/ = Moment of inertia 

/^j = Moment of inertia about A-A axis 

y„ — Moment of inertia about B-B axis 

/, = Moment of inertia about X-X axis 

/, ^ Moment of inertia about Y-Y axis 

11 



Ill HANDBOOK FOR iTRUCTVKAL ENOINEERS ; STEEL COLUMNS AND ST«IT» 

/„, = Moment of inertia of a column section between mth and nth 
floor levels 

A" = Qiefiicient of effective length 

L — Actual length 

/ = Effective length (=A"Z,) 

/, — Effective length about X-X axis 

/, «= Effective length about Y-Y axis 

IJT = Slendcrness ratio 

M = Bending moment 

A/„ = Total bending moment in the column section at mth floor 
level 

M^^ Es Distribution of the bending moment at the mth floor level 
in the colunm section between mth and nth floor levels 

P — Axial load 

/*„, = Axial load in the column section between mth and nth floor 
levels 

Q, = Static moment about the centroidal axis of ihc pxirtion of 
cross-sectional area beyond the location at which the 
stress is being determined 

R^ = Reaction at A 

R, = Component of the rivet strength in X-X direction 

Ry = Component of the rivet strength in Y-Y direction 

r = Radius of gyration 

r„ c= Radius of g)'ration about B-B axis 

''mm = Minimum radius of gyration 

r, = Radius of gyration about X-X axis 

r, = Radius of gyration about Y-Y axis 

S = Shear 

t = Thickness of base plate or splice plate; Flange or web 

thickness 

tf = Flange thickness 

t„ = Web thickness 

[' = Total shear resultant on cross-section 

T', = Shear force per unit length 

k; = Pressure or loading on the under'side of the base plate 

12 



x = Distance of the rivet from a reference point along X-X axis 

y = Distance of the rivet from a reference point along Y-Y axis 

Z = Sectioi> modulus 

Z, = Section modulus about X-X axis 

Z, = Section modulus about Y-Y axis 

Z„, = Section modulus of the column section between mth and nth 
floor levels 

^ = Deflection 

$j = Centre line 

@ = At 

> = Greater than 

< = Less than 

> = Not greater than 

< = Not less than 

:=: = Approximately equal to 

= Therefore 



13 



ABBREVIATIONS 

Some important abbreviations used in this handbook are listed below: 

Units 



Area in square centimetres 

Length in centimetres 

Length in metres 

Length in millimetres 

Load in kilograms 

Load in kilograms per metre 

Load in kilograms per square centimetre 

Load in kilogranii per square metre 

Load in tonnes 

Moment in centimetre-kilograms 

Moment in centimetre tonnes 

Moment in metre kilograms 

Moment in metre tonnes 

Moment of inertia expressed in centimetre to the 

power of four 
Section modulus expressed in cubic centimetres 
Strength of weld in tonnes per cciitimetre 

Other Abbreviations 

Alright 

Basement level 

Centre to centre 

Dead load 

Floor 

Tndian Standard Angle Section conforming to and 

as designated in IS : 808-1957 
Indian Standard Beam Section conforming to and 

as designated in IS : 808-1957 
Indian Standard Channel Section conforming to 

and as designated in IS : 808-1957 
Live load 
Outside diameter 



cm* 
cm 
m 
mm 

kg 

kg/m 

kg/cm^ 

kg/m« 

t 

cm-kg 

cmt 

mkg 

mt 



cm* 

t/cm 



OK 
B 

c/c 
DL 
Fl 

ISA 



ISLB, ISMB.ctc 

ISLC. ISMC, etc 

LL 

OD 
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SECTION I 
GENERAL 

1. INTRODUCmON* 

1.1 A column is a structural member whose primary function is to transmit 
compressive force between two points in a structure. The subject of column 
strength has retained the interest of mathematicians and engineers alike for 
more than 200 years since Eulcr's famous contributions to column theory of 
1744 and 1757. 

1.2 A column is loaded and performs its useful function in compression, 
but, when overloaded, beyond its working strength, it does not generally fail 
by direct compression. Failure may be due to excessive bending or in some 
cases by bending combined with twisting, depending on the slcnderness ratio 
of the compression member. If a short compression member is subjected 
to an axial load of sufficient magnitude, it will fail by decreasing in length 
and bulging, or may fail because of excessive shearing stresses if the material 
is brittle. If, on the other hand, a long slender strut is subjected to a 
relatively small axial load, the strut is in stable state and if it is displaced by 
a small amount due to some disturbing force, the member will straighten 
itself when that disturbing force is removed. For a certain increased value 
of the axial force, however, the member is in a state of neutral equilibrium 
and will remain deflected even after the removal of the disturbing force. 
This axial load is called the buckling load. The column will behave in the 
same way if, instead of a disturbing force there is a bent and/or twisted 
configuration existing in the member. Thus, as the length of the column 
increases, the cross-sectional area being . constant, the load required to 
produce the various types of failure decreases. Therefore, columns are 
commonly classified as short and long columns. Even though this divuion 
may be arbitrary and there is no absolute way of determining the exact 
limits for each classification, for convenience of discussion in design examples 
of colunnins in this handbook this classification is being adopted. 

1.3 The Euler load is the buckling load which will hold a completely 
elastic column in a bent position. An infinitesimal tendency to change 
from a straigRt to a bent or buckled shape will, at the Euler load cause 
the column so to bend. If we consider the inelastic stress-strain curve 
of the material, the compressive load capacity without any bending is the 
tangent-modulus load, Shanley having showed that if any load larger than 
the tangent-modulus load is applied the column will start to bend. 

1.4 Thus, the tangent-modulus load provides a strength criterion for the 
ideally straight and centrally loaded column. In this connection, a statement 
published in Bulletin No. 1 of Column Research Council (pf USA) may be 

*Part of the introduction is abstracted from the talk on 'Basic Colgmn Strength' presented 
by Dr. Bruce G. Johnston at the Fourth Technical Session of C^olumn Research Council 
and published in the Proceedings of May, 1944. 

15 



»I HANDBOOK rOR STIIUCrtjKAL ENGINCEM : ITEEL COLVMM AND STRUTf 

quoted : 

'It is quite generally accepted that the column strength may be 
determined with satisfactory accuracy by the use of the tangent-modulus 
method applied to a compressive stress-strain curve for the material, if 
the material throughout the cross-section of the column has reasonably 
uniform properties and the column does not contain appreciable residual 
stresses. The strength of a column may be expressed by: 

^ = -^^ (1) 

^ 7pm vv 



(W 



whefe 
p 
-J ^ average stress in the column, 

Er — tangent modulus (slope of stress-strain curve) at stress PfA, and 

KL 

— = equivalent slenderness ratio of the column.' 

1.5 In the clastic range, Ef=E, and this substitution in equation (1) reduces 
it to the Euler column formula. Equation (1) may be written: 

"=^/5 (^> 

1.5.1 In equation (2), if £, =£ and PM =/, (stress at proportional limit 
of material), the KLjr so evaluated is the minimum slenderness ttitio for 
which the elastic buckling occurs. 

1.6 Since the failure of the column, excluding thti possibility of torsion, 
is a matter of bending, ont may catalogue the following two general categories 
of 'effects' that influence bending benaviour in real columns. These result 
in departure from the ideal column strength estimated by the tangent- 
modulus theory. 

a) Accidental factors that caufe bending in th^ column to take place 
below the tangent-modulus load: 

1 ) Lateral loads, 

2) End eccentricity, and 

3) Column curvature or twist and non-homogeneity of material. 

b) T&rtors that modijy resisUmce to bending: 

1) Residual stress (may increase or decrease strength); 

2) Variation in inelastic stress-strain characteristics, either 
inherent in the material or as a result of prior tensile over- 
strain in all or various parts of the colunm. 

3) Shear strength; 

4) Local buckling; 
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5) Shape of croa^-section; and 

6) Lateral or end restraints (may increase strength). 

1.6.1 One item has been left out of the foregoing outline, that is^ compres- 
sive load, which in itself reduces bendii^ stiffness. When an 'ideal' column 
buckles at the Euler load it remains perfectly straight up to that load, then, 
under an infinitesimal increment of load, suddenly buckles with indefinite 
deflections within the range wherein the assumptions inherent in the Euler 
derivation are valid. It would appear as if such an 'ideal' column suddenly 
had lost all of its bending stiffness, since the slightest touch would cause it 
to take any bent-position desired. This is not the case. Relatively small 
axial load has litde effect on bending stiffness, as measured by EI, but at 
a gradually increasing rate, the bending stiffness reduces and as die Euler 
load is approached the rate of loss is quite rapid. The bending stiffiiess 
does become zero when the Euler load is reached but the variation u a 
continuous function of load even though the buckling itself is a discontinuous 
process. 

1.7 If any generalization at all can be made about the list of factors that 
affect the strength of a column it is obvious that it is impractical to 
introduce them all in any mathematical way into any one column formida. 
On the other hand, various investigators and designers in the past have 
tended to over-emphasize one factor without a good enough look at the 
others. One is reminded of the old folk tale of the blind men, feeling 
various parts of an elephant, with each different man coming to a different 
conclusion as to what an elephant really was. The uncertainty as to what 
a column really is has been increased by virtue of the fact that even in 
laboratory tests there are usually several factors affecting column strength 
as determined by the testing machine. In attempting to explain any single 
test by a mathematical formula, it is quite possible through over-emphuis 
of any one factor in any particular trial 'theory', unknowingly or otherwise, 
to compensate for the effect of other factors that may co-exist in the tests 
that may be omitted from the particular theory that is on trial. Thus, one 
may take a given set of test data on concentrically loaded hinge-end columns 
and show uiat the test results agree with the secant formula, assuming 
accidental initial eccentricities of the required amount to make the theory 
fit the test 6r, on the other hand, agree with an initial curvature theory by 
amiming an initial curvature uf the required maximum amount Tnus, 
there may be no proof at all that either eccentricity or curvature was the 
dcmunating &ctor that should have been used in the theory. 

2. COLUMN DESIGN FORMULiG AND SPECIFICATIONS 

2.1 As has been stated, the tangent-modulus formula provides the most 
proper thf»retical basis for relating the stress-strain properties of a metal 
to the ideal column strength of the same metal. However, for design 
purposes it is quite customary to determine any point on the column strength 
curve, espedtuly in the case of a structural steel, as that load which will 
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cause initial yielding in an eccentricaliy loaded column of that particular 
length. The eccentricity is arbitrarily assumed so as to give agreement 
between the resulting strength formula and many column tests. This is 
the basis for the permissible working stresses giyen in IS : 800- 1936. The 
actual formula (reduced from the column strength curve by a factor of 
safety of 1'67) is given in Appendix D of IS : 800-1956 and is referred to 
in Table I of that standard . It is noted that the assumed eccentricity is 
in dimensionless terms : 

% = 0-15 
r* 

Tables I and XIII of IS : 800-1956 give permissible average stress for 
various //r ratios for structural steel and high strength structural steel res- 
pectively. As noted in Appendix D of IS : 800-1956, when //r is greater 
than 150, the allowable stress given by the secant formula is modified by 
a reduction factor which, in effect, introduces an increasing factor of safety 
with //r as the value of 150 is exceeded. 

2^ To facilitate interpolation, for each integer value of Ijr from 1 to 180, 
Table I (see p. 69) presents permissible stresses in agreeftient with 9.1.2 and 
Table I of IS : 800-1956, for structural steel conforming to IS : 226-1958. 

2J5 The cross-sectional shape of various columns commonly used in practice 
is given in Table II {see p. 71). Also shown arc approximate values of radii 
of gyration for these sections. In the case of the rectangular and circular 
sections, the values indicated are closely approximate to the correct values 
but for the built up section there may be a considerable fluctuation 
because of the variation in relative cross-sectional dimensions. 

2.4 To minimize steel requirements in column design, one should keep 
the effective //r as small as possible so as to use the material at the greatest 
possible stress. The length is given in the general design drawing and the 
designer should select the cross-section that will provide the largest possible 
radius of gyration without providing more area than is needed. Since 



V J' 



the largest radius of gyration is obtained when the material is 

farthest from the centroid. For constant area this means that the material 
gets thirmer and thinner as the column size increases for any particular type 
of cross-section. This leads ultimately to such thin walls for any given column 
cross-section that local bpckling becomes a problem and it is local buckling 
that ultimately limits the size to which one may go. In some casrt, in 
order to get the material as far as possible from the neutral axis, especially 
when only a small load is to be carried and the total area is small, angles 
or channels are used together with lacing or batten plates to hold them in 
position as shown in Table II. The lacing bars and batten plates are not 
load carrying elements. They function primarily to hold the load carrying 
portions of the column in their relative positions and provide points of 
mtcrmediate support for each separate part of the built-up column. Thus, 

18 



nCTMN I : OBNBItAL 



for minimum steel requirements, batten plates and lacing ban are econo- 
mical only if the increase in permissible stress for the load-carrying members 
permits a greater reduction in weight than is added by laciiig or battens. 

2.5 A column designed as centrally loaded may be accidentally loaded 
eccentrically or may start to bend. In such cases, there will be variable 
bending moments induced because of the eccentricity between the centroidal 
aids of the column and the resultant line of action of the applied toad. 
As a result of the varying bending moment that is induced there will be 
related shearing forces in the plane of the cross-section and the lacing, 
batten plates, or other connecting elements should be designed to be adequate 
to resist this shearing force. In 21.2 of IS : 800-1956, this is arbitrarily 
taken as 2-5 percent of the direct load for which the column is designed. 
In the case of very short columns, the shearing fbrtc is induced primarily 
by the eccentricity of load whereas in long columns, it is primarily induced 
by bending. Some authorities consider that the connecting parts should be 
designed for the shear that would be developed when the column has finally 
buckled at its full load and in buckling has reached the yield point. 

2.6 An important determining factor in the design of a colunm is the 'eflfec- 
tive length' as influenced by end restraint conditions. There are two types 
of restraints, namely, position restraint or restraint against movement 
perpendicular to the axis of the column and direction restraint or restraint 
agamst angular rotation at the end of the column. Each type of restraint 
may exist about cither or both axes and the conditions at the opposite ends 
of the column may be different. A complexity of possible combinations 
results but some of the more usual conditions of restraint are pictured in 
Appendix G (Fig. 1 to 13) of IS : 800-1956. Design examples will illtutrate 
the use of these figures which provide interpretation of 18.1 and Table V 
of IS : 800-1956. 

2.7 Maximum permissible slenderness ratios are given in 18.2 and Table VI 
of IS : 800*1956 and minimum thickness of local elements is given in 
terms of ratios of width to thickness in 18.4 and in Tables VI and VII of 
that standard. 

2.8 The design of a column base slab is also covered in this Handbook 
as provided- in 18.8 of IS : 800-1956. 

2.9 Additional reductions in permissible stress for single struts or discon- 
tinuous struts arc provided in 18.9 of IS: 800-1956 with allowable stresses 
for single angle struts given in Table X of that standard. 

2.10 If bending moments are introduced into the column at axial loads 
below the buckling load, the column is sometimes called a 'column-in- 
bending' and rules for design of such members are given in 9.5 of 
IS : 800-1956 covering bending and axial stresses. The bending moment 
in a beam-column may be introduced either by lateral load or by end 
eccentricity and the assumed allowances for end eccentricity are given 
in 18.C and Table IX of IS : 800-1956. 
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SECTION 11 
DESIGN OF CENTRALLY LOADED COLUMNS 

S. INTmODtUCnON 

3.1 The croM-sectional shape of a centrally loaded column depends very 
largely on whether the column is long or short and whether it carriet a 
small or Urge load. Therefore, design examples will show alternative 
selectiont suitable fijr the following load and length conditions: 

a^ Short columns with small loads, 
bi Short columns with large loads, 
CI Long columns with small loads, and 
d) Long oolunms with intermediate loads. 

3.2 The design examples will be discussed under the following headings 
pertaining to die oolimm type rather than the length and load category: 

Circular cross-section. 

Single angle. 

Double an^le, 

H-beam with welded cover plates. 

Single cell box, 

La^!d columns, and 

Batten plate columns. 

3.3 In summary, the design problem of a centrally loaded column includes 
the following steps: 

a) Make an initial approximation of the average allowable stress F,; 

b) Determine the required area to carry the load at the estimated 
allowable stress A—P/Ff-, 

c) Select a colunm section that will provide the estimated required 
area along with as large as possible a radius of gyration consistent 
with clearance reauirements and minimum thickness limitations ; 

d) Calculate the radius of gyration; 

e) Determine the effective slendemess ratio based on the estimated* 
effective length according to 18.1 of IS : 800-1956; 

f) Determine allowable stress from Table I as based on 9.1 Jt of 
IS: 800-1956; and 

g) Repeat steps (a) to (f), if necessary, with a revised estimate of 
allowable column stress. 

3.4 In making the preliminary estimate of allowable stress, reference may 
be made to Table I with a rough approximation of the probable //r. In 
the case of very short columns, or columns of any reasonable leng^with 
very heavy loads, the Ijr may always be made reasonably small. In such 
a case the allowable stress will vary but little and a good estimate may be 
made at the outset. 
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4. SHORT COLUMNS WITH SMALL LOADS 



4.1 Caimaaam of GIrciiIar Gross-Section {see Design Exunplo 1) — 

The circular cross-section may be cither a solid round or a hollow cylindncal 
tube. Any circular cross-section has the same radius of gyration about every 
centroidal axis and the thin wall hollow tube provides the most effective 
possible disposition of material for a circular column that has the same 
equivalent length with respect to all axes. For a more complete discussion 
of tubidar members, reference should be made to ISI Handbook for Struc- 
tural Engineers on Use of Steel Tubes as Structural Materixl (tmder 
preparation). 

Local buckling will not occur in the walls of a circular tube imtil very 
large ratios of radius to thickness arc introduced. For practical purposes, 
allowing for imperfections in manufacture, it is customary to require that 
the tube radius be no more than about 65 times the wall thickness. Thtis, 
for a tube having minimum permissible wall thickness of 6-3 mm the maxi- 
mum radius should be about 400 mm. Minimiun wall thickness permitted 
for tubes not exposed to weather is 3-2 mm {see 63 of IS : 806-1957). 

Circular columns are especially recommended for exposed use in regions 
of heavy wind. The wind forces on such columns are minimized and are 
independent of direction. 

In the following pages, designs of different types of sections used as short 
struts are compared for a small axial load. As a first example, tubular 
section is taken up for illustration. Then the other types follow. It is 
to be noted that the required area of cross-section for the tube is leu than 
either the single or double angle struts designed. 

4.2 Single Ai^le Stmts {see Design Example 2) — The permissible 
stress in single angle struts connected by a single rivet or bolt is penalized 
by 18.9.1.1 of IS : 800-1956 because of the eccentricity of connection. 
But when connected by a weld or by two or more rivets or bolts in line along 
the angle af each end, the permissible stresses in accordance with Table I 
of this Handbook or Table I of IS : 800-1956 are applicable without any 
reduction, because of the end restraint effect that reduces the effect of 
eccentricity. The effective length I should be taken as equal to the length 
centre to centre of connections. 

4.3 DovUe Aiurle Stmts {see Design Example 3) — The double angle 
strut is more enective and efficient than the single angle strut, not omy 
because of the greater permitted working stress, but also because the angles 
do not tend to budde about either of their individual principal axes in respect 
of which the radius of gyration u the minimimi. All other things bong 
equal, if the long legs are placed back to back, the best balance of radii of 
gyration about the two axes of the combineid section will be obtained. 
Attention is called to the required use of stitch rivets to ensure integral 
combined action of the two angles. 

(CM(ltRM«/«ip.25) 
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Dm^ 



i— SAon Struli (Tubiitv)fi>r SmtU Aximl LoaJt 



Dacign Example I 



Tubular Strut 



of 
I 



Load /> » 10 t 

Length / ~ 3 m 

Amuxae peitniiiibie axial compreuive >u-e» F, = 1 000 kg/cm' 

. ... 10 000 ,n , 

Area required A — . va^ ■« 10 cm* 

Minimum wall thicknew ~ 4 mm {stt 6.3 of IS : 806-1957; 
r^r aO-min nominal bore X OM") cm (jm IS : 1 161-1958) 

Areai4 = 12-8 cm* 




Radiutofgyradon - v"^^^^^' - 2-98 cm 



tfr 



300 
2-98 



100-5 



Allowable F. - 884 kg/cm* (m* 9.1 JI of IS : 800-1936 

and Table I of this 
Handbook). 

Allowable load - 884 XI2-8- 11 300 kg or 11-3 t 

>10t OK. 



• Far Ml n|il«ii«llnn of tbcet numbcrinc of Oaign Ewiinplw, m Footnote In Dnifn Euunplc 4 on pv M. 
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SECTION II : DEMON OP CENTRALLY LOADED COLUMNI 



Dmig» Exmmfl* 2 — Sinflt AngU Strut 

Thu txam^ indiealts snural trial stltctuns leading to an angU thatprovuUs a capacitf tfl2-6t. 
It 14 to bt noUd that oruofthe trial dtsigns had to be modified itcauu the outitaiding widthllhkkmss 
ratio Iff the angle leg was excessive. For single angle 
struts, the maximum permitted widthlthitkness ratio 
is 14 as compared with 16 for other outstands. This 
limitatioK is desirable because the single angle strut 
usiudh tomes the nearest to torsional buckling of any 
rolled steel member. 



D«sign ExampI* 2 



Single Angle Strut 



I 
of 



(Equal legs for maximum rmin) 

Assume two rivets at each end. 

Allowable stresses in accordance with Table I and 18JLU (b) of IS : 800-1956 

300 
TryrioTljr = 120 = i^; r=2-5 cm 

.Allowable F, = 709 kg/cm« (see Table I of this Handb<x)k) 

Area required = -.- =14-1 cm' 

Try ISA 100 100, 8 mm. 

A == 1539 cm« 

rnin = 1-95 cm 

- ^ — 

Allowable F, =■■ 472 kg/cm' 

Allowable load = 472 x 15-39 = 7 250 kg— No Good. 
rrr ISA ISO 130,8 mm. 

A "= 20;22 cm« 

rmin = 2-55 cm 



llr =??3="« "It^^^ 



-ISA l30>l>0X(iiiii< 



Allowable f. = 726 kg/cm« I ' I 

Allowable load = 726 x 20-22 = 14 700 kg — over design 
Try ISA 110 110,8 mm. 

A =• 1702 cm« 

fmin = 2-14 cm 

llr- =?n = '^ 

Allowable f,. - 559 kg/cm« 
Allowable load = 559 x 1702 =9 500 kg— No Good. 
Therefore, ISA 130 130, 8 mm is the most economical section because other sections 
with required area and fmin have greater weight per metre. 

"^ """so* '"'1 -= 16-25>14— No Good (see 18.4.1 of 18:800-1956) 

Effective width = 14x8 = 112 nun 

Effective area - 17-3 cm* (according to IS.4.1.1 of IS : 800-1956) 

.KOowtbieF, - 'TSe kg/cm« 

AOowMeUmi - 0-726x t7S-I26 t OK. 



• Ob'iW b«b thai for compuiiat secdoo !??«?'«*• ."irtLf*** "^ "" «««"»<"»« «»r b. t^en <• in • 



■iaiter case Ibr trad* ( 
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DmigH Etmrnph 3 — DouM* Angle Stnii 

{Lmtgn Ugs bock to bade coimecUd to both sidu of a 10-mm gusut by two rimts) 



D*«ign ExampI* 3 



Double Anfl* Strut 



of 
I 



Load and length are the same as given in Design Examples 1 and 2 
Tty 2 ISA 90 60, 6 mm. 

A = 2 X 8-65=1 7-3 cm« 

r, - 2-86 cm 

T, = 



//fmin 



=: 2-55 cm (from ISI Handbook for Structural Engineers: 
1. Structural Steel Sections) 

300 
«» 5^ =118 — No length reduction is assumed. 



Allowable F, " 726 kg/cm> [»« 18^.1.2 (b) of IS: 800-1956] 
Allowable load = 726 x 17-3 = 12 550 kg— over design 
Tty 2 ISA 80 50, 6 mm longer legs back to back. 
A = 14-92 cm« 

f, = 2-54 cm 

r, = 2-16 cm 

Allowable F, •=< 565 kg/cm< 
Allowable load - 0-565 x 14-92-8-42 t— No Good. 
Adopt 2 ISA 90 60, 6 mm only. 

r-2 ISA fO«»0«t>""> 



r.i. of tingle ISA = 1-28 cm 
Kfaximum c/c oC stitch riveu — 1*28 x 50 "M cm 
(Use @ 50 cm c/c) 



[jw 323 of IS: 800-1956) 
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SECTION II : DESIGN OF CENTRALLY LOADED COLUMNS 

Double angle struts are frequently u^ed in single plane truss construction 
and it is common practice in the chords to put the short legs of unequal 
angles, back to back, on opposite sides of gusset plates, so as to provide the 
overall truss with greatest stiffness against lateral bending out of the plane 
of the truss. 

5. SHORT COLUMNS WITH LARGE LOADS 

5.1 H-Beam with Welded Cover Plate {see Design Example 4) — 

The H-beam by itself is a very commonly used column cross-section and the 
design of a number of such columns is provided later in Design 
Example 9 pertaining to a complete building column design. In the Design 
Example 4 the load is considerably greater than that in the building design 
example and it is necessary to add cover plates to the H-beam cross-section. 
This introduces the design of connecting welds as a function of required 
shear strength. 

5.2 Single Cell Box Section (see Design Example 5) — The single cell 
closed box cross-section provides a very eflfective column, similar to the hollow 
tube, in that the material is disposed nearly as far as possible in all directions 
from the central axis and it is convenient to provide about the same radius 
of gyration about all axes. Although the built-up box section requires 
more work of fabrication, because of the longitudinal welds, it is made of 
plates or channels that cost less than a cylindrical tube. As in the case of 
the cylindrical tube, a box section is immune from torsional buckling but 
shall be checked as to width /thickness ratios of plate segments. 
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DMign IxampI* 4 



Dwiftt ExmmpU 4 — Short Stmufor Largt Axial L« o ifa H-Beam tvilh JCiUrH Covtr PUin 

Tht laatl is 500 t or 50 timts of thai given in Dtsign Examplt J bul the lingtk rtmains the 
Mtm at thm mttrts. For suck a large load it it obvious that Ijr will be small and a large allowable 
etrtu is assumed at the start. As soon as the basic 
ISHB section is selected il is possible to make a clou 
at pr oximeUion of the radius of gyration since the cover 
pliles may be put on sufficiently wide to make the r, 
mntmirm. Reference is made to Table II to estimate 
the ff. After a selection of plates that are approximately 
enough to balance the radii of gyration about 

axes, the outstanding widthj thickness ratio beyond the H-beam it checked and should be less 
16. The rest of the calculations me self explanatory. 



DMign of Cover PlatM 



I* 
«f 
2 



P = 500 t /=3 m 

Small //f— Trial F. = 1 200 kg/cm« 

. , 500 000 .,, , 
Area required = -^ =417 cm* 

ISHB 450, n-h kg 

A = 117-89 cm« r,- 185 cm 
Add plates — increxse r, and % to about 19 

= 16 Predicted F,= 1 228 kg/cm« 

500 000 



r,=5-08 cm 



Predicted Ijr = -j^ 



Area required = 



= 4070 cm' 



1228 
rea supplied by ISHB 450 = 1179c m' 

Balance - 289' 1 cm' 

289*1 
/. — s— = 145 cm* required per cover plate 

Referrinfto Table II: 

Approx r, = 0-21 i 19=0-21 b (0-21 is low if platet are wide) 

/. Auume b = TT^ ~ ^^ ^"^ 

Try 73 X 2 cm cover plate as in the sketch. 

Clieck outstanding width : thickness ratio 

24 



= 12 less than 16 OK (jm 1«.4.1 of IS: 800-1956) 



Check radius of gyration 

l,—H Section = 3 045 cm* 

, , , 4x73' 

/ of plates 



12 



129 672 cm* 



Area 



132 717 cm* 
n7-9+2xl46-409'9cm' 



V. 



132 727 
435¥" 



= 18 cm 



(r, greater than 18-5— no need to check) 
fji is less than predicted but probably OK. 




• 1 of 2 mean* that ihii Dnifo Eumple hai Iwo ilweta in til. of which thb a Uw Ant ilint. 
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SECTION It: DESIGN OF CENTIMLLY LOADED COLUMNS 



WtUi an itsigiud for a shear of 2-5ptTctrtt of the 
axial load or 12- St. It is to be noted that the continuous 
loiUU at each end should be as great as the maximum 
width of the parts jointed. 



D«tifn IxkmpI* 4 



DMign of Covar PImt* 
Welds 



2 
of 
3 



I If .- 



Area required 



300 
~ =16-67 F.= l 227 kg/cm' 

- , --- =^408 cm' (near enough to 409-9 cm" provided) 
'227 OK. 



Design cotmecting welds for sheai of 25 percent ofP {see 22.2.1 of IS: 800-1956) 

V = 0-025x500=12-5 1 

Shearing force per unit length, V, = —j^ 

/, of H-Beam = 40 349-9 ii 40 350 cm« 

I, of plates = 161 352 cm* 

Total /, = 201 702 cm* 

or «= 146x23-5 = 3 431 cm' 



12-5x3 431 
' i201 702 x2t 



= 0-11 t/cm per weld 



Cover plate 2 cm thick requires minimum fillet weld of 6-0 mm (see Table I and 
«JL2ofIS:816>1956) 

Shear value for weld per cm length •= 0-6 x 0-70 J x I-025J 

== 0-43 t/cm per weld 
ri7 O-SV 8 cm @ 30 cm c/e intermittent. 

o 

« X 0-49 = O'llS t/cm per weld greater than V, ■-O-ll 



t/cm 

Caear distance between welds 220 
llikktiesa of' thkinm plate " 13-7 
Use U-(xl cm @ 30 em c/c inleraiittent. 

^_ 



OK. 
1 6-05 > 16$ but may be pennitted. 



L 



4tC«- 



>cm THICK COVta fLATC 



* Aim of eonr pltit lo be cooaectcd multiplied by iu centre of (ravily dkunce rrom the neutral *zia o( 
hs tsctkini at a whole, 
t Siac* there aic two Unet of w«ldi connectini cover pUie lo flange ofH-beam. 
iS»T^kII and Table III of IS : SIS-ISSS. 
tSet *Xt U IS I 816.1986. 
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Dt$ign ExampU 5 — Short Struts for Large Axial Loadt — Dnign with Box SsctsMi 

TJdt provUUs an altemativt to Design Example 4. When the box section is built t^ fiem fern 
plaits, (M siu may be chosen approximately in advance and the minimum radius <if gyration teilt 
bt a^oximaUly 0-4 of the mean minimum breadth 
centre to centre of plates. Thus a very accurate 
estimale of anerage allowable stress is possible in 
advance. The design in this particular example is 
direet and the widuil thickness ratios are much smaller 
than the maximum permitted. If exposed to moist 
atmosphere, the box column should be hermetically 



Daslgn ExampI* 5 



Design with Waldad Box 
Section 



I 
of 



to minimize corrosion as there is no access to the interior of the column. 



^ 



h^ 



II' 



Size may be chosen approximate!) in 
advance. 

Assume mean* d=b = 36 cm 

f, = 0-4 d 

= 14-4 cm (see TaUe 11) 

300 

14-4 

= 20-8 

Allowable F. = 1 224 kg/cm« 

. . . 500000 

Area required = ^ ^^^ . 

= 408 cm* 

Trial section (increase size slightly to use 
25-mm plate) 

Area of 2 plates 46 x 2-5 cm = 230 cm' 

Area of 2 plates 36x2-5 cm = 180 cm* 

Total = 410 cm« 



5x36* 
/, of the two 36-cm plates = — rs — 



19 500 cm* 



/, of the two 46-cm plates »= 46x5x 19-25' = 85 200 cm« 



r^V 



1 04 700 
410 



104 700 cm* 



= 16 cm 



'<' - ^-» 

Allowable F, - 1 225 kg/cm* 

500 000 
Area required «• "i n^l °°408 cm' »» area provided OK. 

Use diaphragms or capt ® each end to seal out air and hold the cross-section shape. 

~ • •nisiiiWlrsllr « •qiwn diap* boc nctko it men eo»ainie*l but in the praent caw, Um load bafat voy 
h«*y. aad lb* •Becthre louth nnall, l/r k onall, therefore, for any ircreue ia r, the efltet on psndalbl* 
■HMSHMflUflbls aiKi practfaUy no eeenomy Is aehieveJ. 
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nonoM n: dbhon ov cbntrally u>aobd ooluiob 
6. LONG COLUMNS WTIH SMALL LOADS 

Sil Loag GomprcaaioB Member for Small Load Ijti D**ifa 
Kwrnph 6) — It is generally efficient to use laced channel sections for 
long compression members carrying a small load. Therefore, in the design 
example illustrated also, it is first expected that laced channels would provide 
a suitable cross-section. However, a closed box section turns out to be the 
logical development subsequent to the initial trial of a laced channel 
section. 
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Dmigm EammpU 6 — Long Comprmion Membtr ftr a Stnatt Load 

Sbm Ikt load is small aad iht column long, tht slarlkg point in Ms design is tlu n^pdnmntt to 
kmp t» Ifr ratio below th* maximum permiisiUt value of 180. The initial assmtd MoweMi 
siftst ii lliat corresponding to an llr of 180. On this 
huts, two ISlC 150, 14-4 kg channels are found to 
he Mtiffitctory and their capacity is found at once to be 
grttlir than required. However, ike flanges are too 
clot* tiftAir for fabrication to make riveted lacing 
bars fitMt because of the insufficient clearance for 
beKting yp the rivets. ISJC 150, 9 9 kg channels 
an trud and found to be just sufficient. 



DMifii Exampla i 



Trial Datign with Lacad 
Channalt 



I 

of 
3 



UMd P= 10 t; Effective length /= 10 m (No bracing possibje) 
Tbe problem is to obtain maximum r with minimum sectional area. 
Uie 2 channels or 4 angles with battens or lacing bars. 
Trial Design Using Channels 

Minimum depth of channel for Ijr^lSQ is determined as follows: 

0-36(/* = rmi„ 



1 000 



= 180;rf=13'5 cm 



A 



r 



llr. = 



:|62 



0-36 d 
Try ISLC 150, 14-4 kg 

A = 2x 18-36 cm«=36-72 cm* 
r, = 6-16 cm 
\oTE — By chooiing >, rt can be nude equal to r, 
1 OOP 

616 

Allowable f, = 427 kg/cm« («» Table I) 
Allowable load = 0-427 x 36 72 = l.'>-7 t— over dcugn 
Trv ISJC 150, 9-9 kg 

A = 2xl2-65cm»=25-3cm» 
r, = 6-16 cm 

= 416 kf/cm* 

- 0416 X 25-3=. 10-5 t OK. 

«° r, (JM 31.1.1 and 21.1.1 of 

IS: 800-1956) 
" 6- 16 



llr. 
Allowable F, 
Allowable load 
Approx b to make r. 



0-40 » 
b 



Check djt of web 



Check r. 



dit = 



15-4 cm Adopt i = 16 cm 
150-2x3-6 



3-6 



38<45(N»U.4.2of 
IS: 800-1956) 



■ 2x12-65 (8- l-66)«-(-2x 37-9 
= 1 090cm« 
., /T5§0 
^ If? 



6-55 cm OK. 



Battens or lacings are required, 
ihcte detigiu will be given under 7.) 



(These will not be designed here. Kwrnplw of 



• fa Table II on DM* 71. 



30 



ucnoN n: demon of centrally loaded columns 



Datlgn ExampI* i 



FInarDMign with W«ld«d 
Chwinalt ai • Box 



2 
of 
3 



Lacings or battens toiU havt to ht uud in ease thi 
(Usign in Shmt I is adoptid. Rttuming to tht original 
uUclitn tf two ISLC 150, it is obvious that the best 
way is to us* these in the form of a closed box since this 
eliminates the necessity to itse batten plates or lacing 
bars, which in themselves cany no load, yet add to the 
total steel requirement. The width! thickruss ratio of the web of a compression member may go as 
high as 80 but only 45 t is allowed as contributing to usefiil load capacity. The web of the ISLC 
1 30 is satisfactory in this respect and the details of building up channels with back-up strips to provide 
a satisfactory weld are shown here. TTie Ijr is found to be just uruier 180 and the column capacity 
of the box section is about 25 percent more than that required. 



.\5 an alternative, if a solid welded box is desirable: 



tScm 





*CK UP STRIP 
DETAIL AT A 



rrj'ISLC 150, 14-4 kg 
A = 2x 18-36 = 36-72 cm= 
r^ = 6- 16 

/, = 2 X 18-36 (7-J-2-38)«4-2x 103-2 
= 1 1690 cm' 



r, -v/L16i2-=5-64cm 
^ 36-7? 



llr. 



1 000 



= 177-1 



5-64 

F, = 350 kg/cm' 

P = 0-350x18-36x2 

= J2-83 t greater than 10 t OK. 

Size of weld 

= thickness of flange at end 



(7-8-^ tan 1-5") 



7-80-0 92 
6-88 mm 



Weld to be continuous 



'il 
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Far a long mimbn {10 m) transmiUing a snuUl 
lead {(if, sttf, 9 to 10 1) as in this ixampU, t/u hollow 
ejflindntal (iii< is comparabU to the boxed channel 



DMign IxMnpl* * 



Alt«matlv« Dasign wHh 
Tub* 



3 

of 
3 



Tria/ Design Using Tubes 



Try IS nominal bore 150 {see IS: 1 161-1958) 16-51 cm OD by 5 4 mm wall thickne 



A = 271 cm' 



r -• 5-65 cm 



llr - 



1 OOP 
5-65 



177 (Border line for //r of main members) 



Allowable F, - 353 kg/cm« 



Allowable load - 0-353 x 271 
- 9-6 t 



Because of small loads, a tube or doted box is obviously economical of steel. Laced 
or banened column of smaller </r would be of comparable weight because of non-ctress 
carrying material. 
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lEcnoN n: duion or cbntbally loaded coLuum 

7. LONG COLUMNS WITH INTERMEDLITE LOADS 

7.1 Laced Cofauiuis {see Design Example 7) — For either very heavy or 
very light loads the use of solid box or hollow tube columns seems more 
economical of steel but for intermediate loads the l!aced or batten plate 
cohunn may be selected. The lacing bars or batten plate serve to hold the 
load carrying portions of the column in position and shall be designed for 
the shear requirement as previously explained. Lacing bars arc more 
effective- than batten plates in resisting shear since they cause the column to 
act as a truss. 

7J2 Satten Plate Columas {see Design Example 8) — It is to be noted 
tbAt the batten plate column, according tq 22.1.2 of IS : 800-1956, shall 
not be used where the compression members are subjected in the plane of 
the battens to eccentricity of loading. 
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Dtiign Example 7 — Long Comprtuion Membtr for Imermtdiate Load 

Th* load is 100 t and the length 11 n. A fortunate preliminary estimate of the average 
ptnmssible stress as based on an estimated Ijr of 92 turns out to be alright and two channels are 
mimdiately selected with a capacity just a little over 
thf specified load of 100 t. Flanges of the channels 



an turned out to facilitate riveting of lacing bars. 
TabU II provides an estimate as to now far apart 
the channels should be back-to-back to balance the radii 
rf gyration about the X-X and Y-Y axes. 



Datign Example 7 



Selection of Section 



I 

of 

2 



Laced Channels- 



2-4le(»- 



TMt / 

1 CHANNEL-' 



Load i>=100 t; Effective length / = 11 m 
(Probably ISLC 300, 33- 1 kg or ISLC 400, 45-7 kg channels required) 
Preliminary estimate r ■= 300 x 0-4= 12 cm 

'-[^ = 92; Allowable F, = 950 kg/cm' 

100 000 ,_, , 
Area - — „^„— =105 cm* 
950 

Try two ISLC 350, 38-8 kg laced as shown in the 



Ur = 



-as cm 




sketch. 



A 



49-47x2 =98 94 cm* 
13-72 cm — by choosing b, 
r, may be made equal to r, 
1 100 
13-72 

1 036 kg/cm« 
1-036x98-94 

= 102-5 t OK. 

Spacing should provide equal //r, and //r, 



Ur, = 

Alkjwable F, = 
Allowable load «» 



= 80-4 



-33cn 



370mm 




.Assume r, =-= 0-6 b {see Table II) 

J = liZ?=22-9cm 
(ro 

Try A " 22 cm 

/, - 2x49-47 (ll-0-f2-41)» 
+2x395 = 18 581 cm* 



Allowable P, 
Allowable load 



ao-5 



■v/ 18 58 1/98-94= 13-7 cm 
1 100 

-Wf 

1 035 kg/cm' OK. 

1-035x9894 
100-8 t OK. 

Single lacing bars @ 60° to the axis of the member. 
Check Ijr of channel between lacing connections. 

32x2 



/ = 



- = 37 cm 



V3 
f, of ISLC 350, 38 8 kg=2a2 cm 



13-l<0-7x80 OK 

{see 21.C of IS : 800.1956) 
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SECTION II : DESIGN OF CBNTRALLY LOADEn COLUMNS 



DMign ExampI* 7 



DMign of Laclngt 



2 
of 

2 



Htn thi principal dtsign probltm is thi dtsign of 
thi Uuing bars. A IritU layout using fiat bars is 
shown with an anglt <ff €0" bttwten sucassivt bars. 
The Ijr of thi inJividual channel between lacing and 
•onnections is checked and found to be well below the 
maximum permissible limit. 

The use of fiat bars for lacing is usually suitable for very small columns but the flat bars tmff be 
changed to angles or channel sections for larger columns and various schemes, such as X brating 
may be introduced to fill the requirements. A faced column using angles as lacing bars will be ditigmd 
in Design Example 10 for a stepped mill building column carrying a crane load. The luuile 
strength and rivet values are checked and are found to be adequate. Compression strength it lie 
controlling factor. 

Tie plates are required at each end but their desigri is the same as for batten plates covered by alter- 
native Design Example 8. 



Lacing Bars 

50 nun (jw 21 J of IS: 800-1956) 

370 

^ -S-aS mm (see 21.4 of IS: 800-1936) 

> 0-289 cm 

^•=128<145 OK 

f", - 644 kg/cm* 
AUowable load - 644x5'°3 220 kg 
Shiear capacity, 2 ban fone on either side) 

— 3-22x2xO-866*— 5S8t >2-5 percent of the 
load of 100 (-2-5 t) OK. 



Minimum width 

Minimum thickneu 

Try 50x 10 nun bar— r. 



(see 214J of 
IS: 80O-1996) 




Check teniile strength — lfr«un rivet 
17-imn livet hole 

1 (50- 1-7) 1420x0-866x2 - 81t>2-5t OK. 

1-7' 
One 16-iiiinib(^ rivet injringle shear ■■ l-025x^X> •• 2-S2 t 

Bearing - 2 360x1-7x1 -4t 

SngW shear govom, 2-32x2>2-5 t shear capacity required OK. 

Simply tie pUta Oeach end — design fa same as tot batten ptttet ia Pesiga Ktb wpk. 8. 
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Ill HANDBOOK FOB STKUCTURAL ENOINSCIU: STEEL COLUMNS AND STKUTi 



Deilgn Exampl* S 



Dmign Exampl* 8 — Ahernatt Dnign Vting Balttn PlateM to Rtplate Lacing 

Tht cnu-uctitn make t^is tht tamt as for tht load column in Dtsign Exan^U 7, htnct this nud 
not bo rtpeattd. Imtially, the code promsimt is followed and the battens are put in tinth a moxtmim 
spacing between nearest rivets so as to provide an 
llr «f 50 maximmn or 0-7 times the Ijr of the member 
as a whole. The llr if 50 wotdd govern and the 
Itffoul is shewn. Four rivets are trud and the rivet 
gro»p is diedcedfoT the moment resulting from the 
shear of 2-5 percent of the axial load wlkich in this 
case is 2-5 t. A weight comparison shows that the 

batten plate column requires Cess total connector steel for battens than does the laced column for lacing 
bars. 



DMlm of lattMi 
Spacing* 



of 
2 



Shear S = 0025 x 100=2-5 t 

Maximum spacing i en v •>.«•) 

between nearest rivets/ 3"x^o^ 

^ « 6-4 mm {see 22.4 of IS : 800- 1956) 



141 cm (see 22.5 of IS: 800-1956) 



Minimum thickness — 



Use 71 -mm plate. 
Tiy 4 rivets on each side. 

Rivet group 7» = 2 (15«+5') - 500 cm* 
d •=• 175 cm, « -< 32 cm 

» #io-o <■' 



»}-o <• 







l4t-0 <• 



l7«-0 «• C TO C MTTtN* 



Atttt stressed twet * 



Longitudinal shear {set 3XJM.1 of IS: 800-1956): 

F.^l^^ -6-84t 

' 2x32 

Moment (so* tL2.1.1 of IS: 800-1956) : 

2-5x175 

2x2 



M " 



— 109 cm- 1 



Shear 



6-84 

T" 

109x15 
-555- 



- 1-71 t 

- 3 27 1 



MM m 

Bending streM» -jQ 
Resultant load - V3-27»-t-l-71» - 3-64 t 

Bearing value of 22 mm rivet 



^ »«lTt 



*2-3x 71x2 360 
" 100x1000 
- 3 80 t>3-64 t OK. 



* 234- 1 grass dtomMtr in mm. 
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SECTION II : DESIGN OF CENTRALLY LOADED COLUMNS 



In ordtr to tnstm that local failure of tht main 
compotunts mar batltn comuctiom does not occur 
thu to total combiiud stress dui to heruUng {as a result 
of the 2-f percent transnerse shear in battens) and 
axial load, the sections are checked and the total 
combined fbre stress is limited to I 575 kgjcm* by 
reducing the spacing of battens. 



DMign ExampI* • 



SmcIm of KattMii 



2 
of 
2 



Check the bending stress in the channels (though this is not particularly required in 
IS: 800-1956, it is considered necessary). 

Moment = 1-25 x 72-5 = 90-6 cmt 



Z, (on channel) » 52 cm* 

1250x72-5 



/. = 



52 



1 740 kg/cm* 



Average column/, — 1 035 kg/cm' 

Combiiicd/.+/» locally = 2 775 kg/cm' 

Nora — Cf—Mctioo Zy •- S2 can* ww uwd. 

Riduoed spacing is required to allow 1 575 kg for local 

combined stress. 

1 575- 1 035 - 540 kg/an' ' 

is available for local bending. 

540 
The spacing required is j-ETx X 143 ^ 45 cm 

With this lower spacing adopt 2 rivets of 22 mm at 
10 cm c/c instead of 4 of 22 mm at 10 cm c/c. 
BmiMd batltn spacing 



Ifttm 



»l-»t' 



! 






Check rivet stress : 






Fx 



M = 



2-5x55 
2x32 
2-5x55 



Most ttruMi rivet: 

Shear 

Bending 
Resultant load 



^x2 

215 
2 
34-6x5 



2-l5t 



- 34-6 cmt 



11 t 



3-46 t 



2x5* 
V(3-46)'+(l-l)« 
== 3-64 t<3-8 1 bearing value 

of 22 mm rivet OK. 

Wright comparison —laced versus battened 
Laced — 4 bats = 4x1x42x5 cm* 

per 37 cm of column 
==> 17-7 kg/m length of column 
(taking density of structural steel as 
0007 85 kg/cm*) 
Battened— 2 plates = 2x20x42x0-7 cm* 

per 55 cm of column 
» 16-8 kg/m length of column 



lO-Ot 



i 



s*ii»T 

'-♦■ 

I SScc 



ax* 



> 



4i«<ll 
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SECTION III 
COLUMNS IN MULTI-STOREY BUILDINGS 

8. INTRODUCTION 

8.1 For a general treatment of the design of steel frames for multi-storey 
buildings, reference should be made to ISI Handbook for Structural 
Engineers on Multi-Storey Steel Framed Structures (under preparation) 
wherein the problem of multi-storey building column design will be treated 
in greater detail with reference to both vertical loads and lateral wind loads. 

8.2 In the design example to follow, the details regarding distribution 
of load to a typical building column for dead plus live load only are given. 
Special design aspects related to column splices, eccentricity of floor load, 
and base plate design are included. Several typical building columns 
are shown clearly at the left side of Fig. 1 . The column splices should 
be noted. 

9. BUILDING COLUMN DESIGN FOR DEAD PLUS UVE LOADS 
{su DcdigB Example 9) 

9.1 The building colimin in question will be designed for a full six-storey 
height of a building that includes a set-back. In the top four storeys, the 
column u at the exterior of the building with corresponding eccentricities 
of load, and in the first two and basement storeys it becomes an interior 
column with centric load. The basement column will be designed as a 
cased column. 

9.2 In calculating the loads on multi-storey building colunuis, reference is 
made to IS : 875-1957. Frpm Table I of IS : 875-1957 the loading is 
taken at 500 kg/m* of area and the imposed roof load is taken as 150 kg/m*. 
Reference is abo made to the reduction in imposed floor load on colunm^ 
as given in 5.1 of IS : 875-1957. A uniformly distributed load of 
400 kg/m* for weight of floors plus 100 kg/m" for partitions is assumed on 
all floors. The first floor is designed for a heavier live load of 1 000 kg/m* 
and a total dead load of 750 kg/m*. 
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HtCTION III: tOUMNS IN MULTl-ITOREY BUILDINGS 
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SECTION III: COLUMNS IN MULTI-STOREY BUILUINQS 



DMign ExampI* 9 



Details of Loads 



2 

of 

14 



Floor 

(1) 
Roof 
6th Fl 
3th Fl 
4th Fl 
SrdFl 
2ndFl 
IstFl 



6nr, ► 


— 6m 








7-5 






7-5 

_ 



ni. 


l.I. 


Reduced I.I 


. COMBINA'riON 

OF Loads as 
Reduced 

t(2) + (4)] 


.Alternate 

Column* 

Design Load 


(2) 


(3y 


(4y 


(5) 


(6) 


J-625 


3-37y 


3-375 


9000 


900 


18000 


11-250 


10- 125 


28125 


37125 


18000 


11-250 


9-000 


27-000 


64-125 


18000 


11-250 


7-875 


25-875 


90-00 


23-625 


14-62r> 


8 775 


32-400 


122 40 


22 JOO 


22-500 


11-250 


33-750 


15«)-15 


33700 


45-0(X) 


22-500 


56-20(1 


212-35 



(All \-alii<-s ill metric tonnes.) 



* Does not Include dead wci«ht ofeolumnt. 
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ISI HANDBOOK FOR STRUCTURAL ENGINEERS : STEEL COLUMNS AND STRUTS 



D«tign Ixampl* f 



Column B«tw*«n 5th 
Floor and Roof 



3 
of 
14 



Since the top column rum from lUvation 71-0 to 77-5, 
the design load is estimated at approximately midway 
between the fifth floor and loof with an approximate 
allowance of 190 kgjm for the weight of this portion 
of the column together with encasement. As in the 
case of a centrally loaded column the starting point 
is a trial average load but this is reduced in rough proportion to the amount of eccentricity thai is 
expected. In the case of building columns, the calculation of eccentricity is based on US of 
IS: 800-1956. At the sixth floor and at the roof, one-third of the total load is introduced with an 
eccentricity. This may be verified by reference to the connection details shown on Sheet 2 where it 
rruty be seen that two-thirds of the load above the set-back is introduced centrally to the column web 
comeltums and one-third comes in eccentricity through the seat angle connection to the column flange. 
At the sixth floor level, the eccentric moment is assumed equally divided above and below the sixth floor. 
It is to be noted that no reduction in live load is made in calculating the local eccentric moment. 

The column has been checked in the last sheet at the sixth floor level and there is ru> rued to check 
it at the roof level since the eccentric column moment there is less than just above or below the sixth floor. 

It is to be rmted that in calculating the effectim length of these columns, the slmderruss ratio is taken 
as 67 times the slendemess ratio centre-to-centre of floors. This is in accordcmce with Fig. I of 
Appendix G of IS : 800-1956. Although only one beam frames into the column flange on one side, 
there are two beams providing direction fixity in the weak plane of bending. 

Assume 3 column splices as shown in the sketch. Abo rule that the splices are O'S m above the 
nearest floor levels. 



Top Column— 5th Floor to Roof 

Try F, = 950 kg/cm' 

Approximate 

design load = 38 t (from Sheet 1) 
Area required = 38 000/950 
=- 40cm« 

Try ISHB 150, 34-6 kg 




L OF LOAD 



!(THIS CAUSES 
ICCtNTBIClTV) 



A = 4408 cm« 
Z. = 2181 cm* 

Top and seat connection of roof beam to column flange introduces 1/3 roof load with 
eccentricity as explained in the commentary above. 
{See 18.6.1 of IS : 800-1956} 

e - '•5+2-0=:9-5cm (seat assumed to be unstiffened bracket with 
<=2cm) 

Load at roof level 



Moment at 
roof level M. 



900 



X 9-5 



X * 



28-5 cmt 



Moment a^ »oo o ;; ^ o' k 

6th floor level M, ^ !?|gp = 46-3 cmt 



• No fcducUon in live load io calculatiiw local eccentric moment. Thus 29-2S ii obtained br addini the 
vahiee in 2nd and 3rd col oTuble ofloadi in Sheet 2. 
t See IMJt (b) of IS : 800-1936. 
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tBonoN m : columns in multi-storby buildings 



DMign ExampI* f 



Column Between 
5th Floor and Roof 



4 
of 
M 



... 0-67 X 3-5x100 ,„ 
'/» = 20 "='2 

F, =. 1 575 kg/cm« {see 9.2.2 of IS: 800-1956) 

, 463x1000 „„, , , 
/» = — jjjgq =212 kg/cm* 

r, = 3-35 cm, effective 
0-67x350 



'/% 



335 



=70 



F. = 1 098 kg/cm« (see 9.1.2 of IS: 800-1956) 



Axial load P 



T-_- 865 , 212 

^'^'"*'T098+rTf5 



*190x (3-5 + 1-75) 



1 000 



=38-125 t 



38 125 



44-08 
= 865 kg/cm" 

= 0-922<l OK. 



Trj> ISHB 150, 30 6 kg 
A 



38-98 cm» 
Z, =» 205-3 cm* 
M, = 46-3 cm-t 
67x350 



r,— 3-44 cm, 



lli 
/» 



20 
46-3x1000 

205-3 
0-67x350 

3-44 " 
1 106 kg/cm' 



12;F,= 1 575kg/cm« 

=225 kg/cm* 

68 



^.*'i: 



/. - ^^=980kg/cm« 
980 , 225 



=> 0-884-(-0143»1027>l not permitted 

Ut» ISHB ISO, 346 kg. 



* IwliMlIni ISO kc/m ii for wldlUooal muonry at column up to mid hei|fat of floor (i 



[m coauMotaiy b 
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in HANDBOOK FOR ITRUCTURAL ENOtNEEKS: STEEL COLUMNS AND STRUTS 



Datign Example 9 



Column Between 
3rd and Sth Floors 



5 
of 
14 



Th4 design of the column between the third and 
fifth floors splices is simitar to that for the top column 
section as already given with the exception of the 
bending moment distribution at the fifth floor. Ac- 
cording to 18.6.2 of JS: 800-1956 if the difference 
in /// is greater than 15, the eccentric moment is to be 
distributed in proportion to the Ijl of the upper and lower column sections respectively. Because of 
the unequal distribution, the bending moment in the column at the fifth floor level is larger than at 
the fourth floor, but the stress condition at the fourth floor level governs the design because of the greater 
axial load. 



Column — 3rd to 5th Floor 

Assume/, = 900 kg/cm» 

4th floor load = 900 t 

Add weight of column = 1-3 t 

Approumate design load — 91-3 t 

. . , 91-3x 1 000 ... , , 
Area required = gjrjr =101-5 cm' 

Try ISHB 400, 77 4 kg 

A - 98-66 cm", Z, ^- 1 404 2 cm» 

r, ■= 5-26 cm, b = 25-0 cm 

,,. 350x0-67 . , ,, ,,,,,, , 
l\b = s-r =9-4, i-, =- 1 575kg/cm« 



25 
IxO- 
5-26 



Effective J/r, - ^^A^'^^ -44-6, F. - I 187 kg/cm« 



29-25 (20 + 2) 
M^ (without reduction) (assuming / = 2-0 cm a^ before) =^ = — = 

- 107-25 cm- 1 

y, . 90.00+12222^25)^=92-57 t 

, 92-57 X 1 000 --„ . , , 

Therefore, ^^+_^ = 0-84< 1 OK. 

But try smaller sections: 

With /, ^ 1 187 kg/cm* as obtained in the last trial 

92-57 
an area of — jT= X 1 000 = 78 cm' is required approximately. 



• This if aTtcan wdfhl due to column *nd iu encaiing concrete for ■ length of 12-25 m — S-Sx 3 (for 4lh, 
Jlh and Sth flooct) plus 3-5 x 1/2 for the 3rd floor, the lectloa coraidered beiSg midway between 3fd aad 4lb 
floof toveb. 

f M,|ai 107-S9 cai-l it ooniidercd and not Mm u i> ii only 4S-3 cm-t u could be leen Tron Sheet 14. 
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SECTION HI ; COU.'MNS IK MULTI-STOREY BUILDINGS 




Design Exampla 9 



Column Between 
3rd and 5th Floors 



6 
of 
14 



Try ISHB 300, 630 kg 

A = 80-2,i cm'. 



Therefore, 



/. 
1 154 % 

1 188 rSTB 



863-3 cm', KITrclive //r, 

1 IBB kg/cm' 
29-25 (15-f 21 



3x2 
- 1 575 kg/cm' 
82-9 X 1 OOP 

863-3 
9257x1 OOP 
80-25 

= 0-973+0-061 



5-29 cm 
67 X 350 
5-29 



= 82-9 cm- t 



.44-4 



^ 96 kg/cm« 
= 1 154 kg/cm« 
- 1 -034> 1 not permitted 



Adopt next heavier section ISHB 350, 67-4 kg 
Check 4-5 section due to probable greater moments 
r II '9 159-7 ^ „„ ~ 

'"/' " 5Tfr ~ JJ " I The ratio between the two is 
greater than 1 -5 (set 18.&3 of 



Total moment at 5th floor 
29.25 X ill^^ 



350 
1 6356 
350 



4-7 



18:800-1956^ 



= 190-1 cm- t 



The distribution to the column below 

^ 55x1901 

59-7 

175x1 000 



/. - 



/, at 5th floor 



*66xl 000 
85 91 

Effective //r, 
F. 

Therefore '^ , '^ 

Therefore, y-jgg+fsTs 
Use ISHB 350, 67 4 kg 



1 094-8 

768 kg/cm* 
350x0 67 



175 cm- t 
160 kg/cm« 



= 44 



5-34 
1 189 kg/cm« 

0-747<l OK. 



*(M-I2S+ 1-9-66). 
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ni HANDBOOK FOR STRUCTURAL ENGINEERS : STEEL COLUMNS AND STRUTS 



Design Ex»mpl« 9 



Column B«tw««n 
I St and 3rd Ploort 



7 
Of 

14 



In disigning the column bttunm tht first and the 
third Poor spikes, it is found iititioUj that the first 
to ttcmd floor segrnetU will rued cover plates because the 
required ana is greater than the area of section of any 
Indian Standard rolled section available. This 
provides an opportunity for greater steel economy and 
the rolled section is selected on the basis of the requirements between the second and third floor uiith 
tht plan to add cover plates between the first and second floors only. The moment dm to 
eceentricift could perhaps be maximum at the first floor level as the live load at first floor is maximum 
being 1 000 kgfm* and maximum eccentricity is caused when live load on one side of tht floor is zero 
and at the othtr the full 1 000 kgjm* arui the ratio of Ijl above and below this floor is again greater 
than 1-5 so that the moments are broportioned accordingly. This will be checked later whUe finatieing 
tht stctionfor column 1-2 (see Sheet 10). Having checked in this sheet the second to third floor segment 
as adequate, the additional area requirement for cover plates in the first and second floor is dttirmbud 
in Sheet 8. 



CoUmn—lst to 3rd Floor 

Tot maximum steel economy: Try selection for 2-3 and add cover plates in U2 only. 



Auutae Ff 
A 



122-4+ 



190x7-f210x 7+240 (175) 



1 100 kg/cm' 
12 5-6x1 000 

Tio5 



1 000 



114cm» 



= 125-6 t 



Try ISHB 450, 87 2 kg 

A = lll-14cro« 

CdtnUU moment at 3rd floor level. 

Kcfer Sheet 1. 

Lood calculation at Srd floor. 

looeattie toad from the U& side: 
DL2S0x7-5x6/2x*l/3 - 1875 kg 
LL190x7-5x6/2x 1/3 «- 1125 kg 

3000 kg 
from the right tide: 

DL 500x7-5x6/2x1/3 - 3 750 kg 

1X300x7-5x6/2x1/3 - 3 750 kg 

7500 kg 

Therefore, net load causing Mcentric moment: 

7-5-3-0 - 4-5 f 

But the wont caie it vdien the live load it not acting on the left tide on the roof. 

Thui the maximum eocentiic moment Mt—\i-62i (22*9+2) 

— 138 cm' t 
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SECTION III: COI.IMNS IN MDLTl-STOREY BUILUINOS 



Calculation of column between first and third foor 
is continued from Sheet 7 and the additional require- 
ments for column between first and second floor are 
worked out in this sheet. 



Dasign Example 9 



Column Between 
lit to 3rd Floors 



8 

of 
14 



As the moments of inertia of column section above and below the floor differ \>y more 
than 1-5 times the lesser, the moment due to eccentricity will be distributed in the ratio of/. 



The share of column 3-2 



39 211 



/•• + /.- 



- 0-67 



39 211 + 19 160 

Af„ - 0-67x138 - 92-5 cm- t 
Z. ^ 1 742-7 cm» (of ISHB 450, 87-2 kg) 
r, — 5-18 cm 
EflTcctive //r, = (350/5-18)0-67 . 45-5 
F, ^= 1 184 kg/cm* 
350 
25 
1 575 kg/cm* 
*125-6x! 000 



Ijb =. 
/. - 



14 



Therefore, 



1 130 



+ 



53 

1 575 



111-14 
92-5x1 000 



1 742-7 
988<1 OK 



-= 1 130 kg/cm« 
- 53 kg/cm' 



1 184 

A Jditmal r*quir*ments between floors 1-2 

Cobmm—Itt It 3rd floor 

Select for axial load from 1st to 2nd floor and then check for eccentricity at 3rd floor. 

AtsumeF,'" 1 160ijtg/cm* 

P 190x7-0+210x70+240(3-5+5/2) . 

Pi, - I56-154 j-gj5^ — lNl-4 t 

160-4x1000 



Are» of ISHB 450, 87-2 kg = 

Area of plates required = 
Try 2 platet 20 x 0-8 cm: 

A = 
Calculate r, 

/,(«fl) - 

/, plate =• 



1 160 
11114 cm* 
26-86 cm* 

32 cm" 

2 985-2 cm* 
1 067 cm« 



138 cm' 



Total /, is 4 052 cm* 
A = 32+11114 - 14314 cm', f, 
0-67x500 



, v/ 4 052 
^f45T4 



5-33 cm 



62-8, 



F, = 1 129 kg/cm« 



C«p«aty» 1129x14314 = 161-6 t>160-'4 t fTenUtively OK. 



•AvShMt?. 

t Th* aMment due to ccotatricity it Dot conildered yet hen In the detlfn of KCtion for columo 1>2, *■ 
lUi wOl b« done ia Sheet iO. 
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Design ExampI* t 



Column B«tw««n Itt an4 
2nd Floors and in BMamwit 



f 

of 

U 



Contimad from Sheet 8. the design of the cover- 
plated column segment between the first and second 
floors is similar lu previous Design Example 4 for 
axial tottdi. 

The basement seilion of the column is 'cased' and 
may be designed by a direct procedure because the 

width of the cuirr pities may be selected in advance. The radius of gyration is then dttermirud 
according to 18.10 of IS: HOO-lf/50 on the basis of concrete encasement. Tktu Ijr, is predetermimd 
and direct i akulalion may be made as to the required thickness of cover plates to be added to the chosen 
JSHB 450, 87-2 kg. 



.Sl<)[) 8 < m jilau- at 2 m above 2nd floor level. 
Design interiniltent weUls same as in Design Example 4 
Design Basement Section: Column cased with concrete (j« 18.10 of 1 S ; 800-1956) 
Clonimue ISHB 4')0. 87-2 kg and use cover plate 35 cm wide. 

r, = 0-2 '*-rIO) (see 18.10 of 
IS : 800-1956) 

0-2 ;• 45 " 9 cm 
•085 >: 500 




//r. 

P. 
J,oad P,i 

.Area required 



I 182 kg/cm« 
t218-4t 
2 18-4 X 1 OOP 



47-2 



185 cm« 



.Ml dimensions in centimetres. 



ISHB 450, 87 2 kg; 

A = 11114 
Plate area required = 7386 cni= 



.■\dd cover plates 35x1-25 each, 

.1 87 5 cm». Total A = 198-64 cm» OK. 

Check moment at 1st floor level 
Eccentric load from left side: 

DI. 750x7-5x6/2x1/3 :« 5 625 kg 

I.L assumed zero for maximum moment as before 

Eccentric load for right side: 

DL 750x7-5x6/2x1/3 = 5 625 kg 
LI. 1000x7-5x6/2x1/3= 7 500 kg 

13 125 kg 
Net load causing maximum 
moment = 13 125-5 625 = 7 500 kg 

* Base connection \%-iII not be designed for fixing direction. 
T3II33 I ('»»>'^'"-t-('"''x7-0)-t-24O(3-3 + j)+360xS _218-4. 
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SECTION III: COLUMNS IN MLLTI-ITOIlEy BUILDINOS 



DMign bantpl* 9 



Column B*tw«m 
Bmsamwit witf lit Floor 



10 
of 
14 



Ignoring the concrete encasement 

Total moment at 1st floor = 7-5 (22-5 + 1-25+2) = 193 cm- 1 

Moment of Inertia of basement column section about X-X axis: 

/„ = .W211+87-5x(231)« 

=- 88 600cm« 
Z„ = 3 740 cm' 

Moment of Inertia of column section between the 1st and 2nd floors: 
/„ = 39 211+32x(22-9)' 

= 56 000cm« 
Z„ - 2 400 cm' 

Thus moments of inertia are varying by more than 1-1/2 times the leiser. 
The share of column between , 
basement and 1st floor = U — 

h,+hB 

— 0-61 times the total moment A/, at 1st floor 

Moment at 1st floor distributed to 

column between 1st and 2nd floor = 193x0-39 

= 75-3 cm- t 

Final check of the column section between 1st and 2nd floor (continued from Sheet 8) 

0-67x500 

"* = 25 

= 13-4 
F, = 1 500 kg/cm« 

Applying the interaction formula: 

160-4x1000 75 3x1000 , , ^^ 



143-14x1129 ^ 2 430x1500 

Check the section between basement and lit floor. In the light of 18.10^1 of 
IS: 800-1956, the steel section alone should be considered as carrying the entire load. The 
itifiiening effect of concrete could be recognized to adopt allowable stresses of 1 500 
kg/cm* in bending and 1 182 kg/cm* axial compression as determined in Sheet 9. 

Moment share of basement column = 193x0-6 = 115-8 cm-t 

Th«rfo,, 2'8*X1000 115-8x1000 

^^'^'°^' l^SlgTTW -^ 3660x1500 ' °^^<' °^- 
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HI HANDBOOK tOU fTVUCTUItAL ENOINKEM: STEEL COLUMNS AND STRUn 



DMign ExampI* f 



DMign of Bbm Plata 
and Splica at Stfi Floor 



11 
of 
14 



Dcaiga of ■■•• Plat* — Thert is tie parti- 
adar tt mum y (man prcMUi, m Uuk (ff tamaitji) in 
dmpMuOu fomdatitn ana ctUmn has* as dirtclian 
Jtxti. lids is An to thifact that tin Ijr is small 
in am tost and the permtssHU stress will net be 
greatfy efetUd by the variatien in Ijr that leouU be 
induced by ehanring the base plate fixity. Bfferring to l9JiJ2 of IS : 800-1956 the reqidred area 
is obtained on the basis of 55 kgjm* bearing pressure on the concrete and the base plat* thickness 
according to the specification fermula is found to be 2-93 cm. 



{See ltA2 of IS : 800-1956) 
It ii assumed that the load is being 
Jistributcd uniformly by the slab base. 
Assume that concrete can take a 
bearing pressure of 53 kg/cm' : 
Load = 2I84t (wtShcet9) 
218-4X 1 000 



Area 



55 



3 970 cm« 



The load is assumed as distributed 
by the column with an area of 47-5 X 35 
cm. For maximum economy in the 
thickness of the slab base '(', the projec- 
tions 'A' and '£* should be eifual as may 
be seen from the ibnnula given under 
ISAZoflS: 800-1956. 

For such equal projections, try 58 x 70 
cm witn 11-5 cm and 11-4 cm projec- 
tions giving an area of 4 060 cm'. 

^ 218-4x1000 ^. . , 
W "= r-s?s "" 54 kg/cm* 



S7-S 



58 



47-5 70 



(All dimensions in centimetres.) 



4060 



/3x54j 



ll-5«- 



'2-93cm 



1550' 

Useba e plate 58x70x3 cm. 
SPLICE AT 5TH FLOOR 

The splice is to be checked for two 
conditions, namely: 

a) for moment caused by eccen- 
tricity, and 

b) for axial load. 
CHECK for moment capacity of the 

splice with detdils as shown in the 
sketch. 

Assume 16 mm rivets in 17 mm rivet holes at 630 kg/cm' tension for power driven 
field rivet {ue Table IV of IS : 800-1956). 

Taking gauge as 45 mm for the 80 X 80 mm angle ISA 8080 used for connection, the 
distance between the rivets on either side is 2(4-5)-f 15-*24 cm. 

2x630x2-27x24» 
Moment capacity = 




SECTION A* 



1901-175 



rOOO " ~ 68-6 cm- 1 

151 cm- t (Sheets) OK. 



rivet liocf or lever una. 



24 •■ lUMaiiM hOwM n 
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SECTION m: ODLUMNt IN MULTI-tTOREY BUIUXNOt 



DMign Ixampl* * 



DMign of Spile* at 
Sth Floor 



12 
of 
14 



At Mitts, iftht duaig* in etbann itplh it srimU, a 
nwfa Warav plau mc^ ht mtd to trmuftr Uu load. 
Tmt is hting Jtnmutralid on Shut 14. If ihtn is 
a Imgi thmft in dtpth, it will bi more tammnical of 
stml to introAut an ind d$lail, such as is shown on 
Shut 11. In this dttail, a welded WF shape is buUt 
into the top of the column. This is checked for sufficient strength in shear and bending, as if it mere 
a short beam, to transfer a uniform distribution of stress in the column below the splice. 7m imiial 
Upnmt as shown was found to be inadequate in shear. fVeb doubter plates could be added, but it is 
stmpltr and more economical in th* present case to deepen the beam section so as to introdHtt mare 
shear capacUf. Alltmalively, a wedge shaped transition section could be introduced. 



Check for aximi load. 

Tlic axial load may be considered as being transmitted to the column section below by 
the ipediied sections acting like a short beam. 

The load is assumed to be distributed uniformly at the bearing. 

Total axial load at the fifth floor splice to be transmitted as detailed in Sheet 2 is 38 1. 

The secUons designed are ISHB 150, 34-6 kg above and ISHB 350, 67-4 kg below the 
splice. 

The flange width => 150 mm or 15-0 cm 

The depth of web between flanges — 150—2 X 9 =» 132 nun or 13-2 cm 

The totallength of dutribution =■ 15 + 15+13-2-43-2 cm 

Ignoring the difference in thickness between the web and flange of column section it 
may be aMumed that the distribution of load is proportional to length and with this 
assumption emch flange transmits: 



38x15 
43-2 

The load being transmitted through web 

The flange width of the lower 
column section ISHB 350, 67-4 kg 

Web depth between flange* 



Each flange takes up 



38x25 



Web takes up 38-2x1 1-5 
The loading is shown diagrammatically. 

15x9-9 



Maximum shear — 11-5 + 



« 13-2 t 

= 38-2 X 13-2 «=1 1-6 t 

-25 cm 

- (35-2-32) 
=3 32*68 cm 

- ll-5t 
= 15 t 

- 16 t 



As sketched (section AA, see Sheet 13) 

if a—sqif, 14 cm, shear area 12 X 0-83* - 9-96 cm' 

/. --^X 1000 

-• 1 610 kg/cin*> allowable shear stress 945 kg/cm*^ 




ll-tl 



-No Good. 



51 



in HANDBOOK rO> STRUCTURAI. £K0INKE1U: STEEL COLUMNS A.VO STRUTI 



DMign ExampI* 9 



D«iign of Spile* at 
5th Floor 



13 
of 
14 



Therefore, a should be increased suitably to give more shear area. 
Ti^ ^ si ^ 20-4 cm. s«r. 22 cm 



dll 



22 
0-83 



<85 OK (i« 20.7.1 of IS : 800-1956) 



Ouekft 

„ . , I1-5X33-8 , 15x33-8 

Moment at centre = s + — s — : — 

2 2x4 

_ 13-2 X 14- 1 _ H ex 141 
2 ■ 2x4 

=■ 144-2 cm- 1 

The section shown in the sketch is the one resisting the moment of 144-2 cm- 1. 

r"T"i 









>Ocm 


« 


■ Mem 




TTc. 












SECTION AA 






//* 


=■ 


338 
25 

say, 1-5 






F, 


= 


1 500 kg/cm' 




f. 


of flanges 


=. 


2x25x(*yL)« 






7._ 




2x25x2Ix2I> 


2 



2 X 2 X 22 

■= 503 cm» 

(even ignoring web modulus) 



/■. - 



144-2x1000 

553 

287 kg/cm«< 1 500 kg/cm» OK. 



• This WM 



M Hcaia 
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SECTION III: COLUMNS IN MULTI-STOKXY BUILOINOS 



DMign Ixampl* 9 



DMign of Spllc« 
at 3rd Floor 



14 

of 
14 



Hm is. shown a possHle dttail at Ihe third foor 
splia whtn the nUUiri changt in column siet is small 
tnough to permit use of a simple bearing plate to 
transfer the load. A similar splice will be required 
at the fast floor. The bearing plate is designea as a 
simple beam with all of the column load conservatively 

esttmaUd as being in the column flanges. The column base plate detail is shewn at the 
previously designed at Sheet 11. Only two anchor bolts on the axis of Ihe web are requirod time Ike 
column has not been assumed to be direction fixed at the base. Actually, of course, a coiuid e ra U e 
amount rf direction fixity will be present, especially in view of the concrete encasement. 



Design of 3rd Floor Splice 

a) Ouckfor axial load 

ReCerring to Sheet 3, 
the column load at 
3rd floor = 9257 t 



SH6 IM 



Each flange, neglect- 
ing the load taken 

u. u .. 92-57 
b>- web, takes — - — 



46-29 t 



Moment -- 46 29 ; :j ^ 231 J 

cm- t 



. ^^/ 231 500x6 
Irom the uiual flexure formula) 



BASE 
M.ATE 




ISHB tM 



\E 



WEIO ALL MUNO 



MORTAK 
OAOUT - 



<)C< FOOTINO 



IttmOANCHO* 



1 



b; Check for Ihe moment 

The moment at the 3rd floor in column 3-4 = 138—92-3 

= 45-5 cm- t 
( see Sheet 8 ) 

The rivets along the flanges shown in the sketch should be designed for a moment 
capacity of this 45-5 cm- t 

.Assuming 16 mm power driven field rivet: Shear value = 2-27 x 945 kg 

== 2 140 kg 
Assuming 1 -cm thick splice plate: Bearing value = 1-7x2 125* kg 

= 3 612 kg 

Shear value controls 

Two rivets on each side with lever arm of 45 cm have a capacity of 2-14x45x2 — 
193 cm- 1>43-5 cm- t OK. 

No further extra rivets required for packing. 

~ •SmHS of IS : 80U-1956. 
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SECTION IV 
MILL BUILDING COLUMN WITH CRANE GANTRY 

It. IMTRODUCrnON 

10.1 The stepped mill building column widi crane gantry is an important 
design problem that combines a variety of important design questions. 
Hie column is of non-imiform cross-section, it is a 'beam-column' with 
both eccentric and lateral loads introduced along its length, and it involves 
a multiplicity of effective length questions. For the answers to matters of 
effective lei^th, one is guided by Appendix G of IS : 800-1956. The 
column to be designed herein will be similar to that shown in Fig. 14 in 
Appendix G of IS : 800-1956. 

10.2 There is a current practice of designing the column directly under 
the crane girder independendy of the column that supports the bxiilding. 
There have been arguments and discussions over this question and it u 
pointed out that the assumption of separate action requires special provisions 
to attain it. It is recommended that the entire imit should be designed for 
integral action. The column section in Design Example 10 is designed with 
this approach in this Handbook. 

11. g T EP F KD MILL BUILDING COLUMN WITH CRANE GANTRY 
(jM D««%a laaaaple 10) 

11.1 It has to be understood that the example for the crane gantry column 
has been designed with the assumption that the top of the column is fixed 
in position but not in direction. Therefore, this method of design, illustra- 
ted here may be followed only when these conditions are satisfied through 
suitable and adequate bracings at the level of the top of the column. Other 
examples of columns where such conditions are not satisfied will be dealt 
with m ISI Handbook for Structural Engineers on Single-Storey Industrial 
and Mill Type Buildings in Steel (under prei>aration^. Reference ^ould, 
dierdbre, be made to this Handbook for details and niller discussion of die 
problem. 

11.2 In comparison with a design based on completely separate action 
of crane and building column components, the consideration of the entire 
column as a single umt with eccentric and lateral loads will restdt in heavier 
design above the crane g^antry and possibly somewhat lighter design below. 
A certain amount of rkidity is desirable m a mill builmng because of the 
undesirable sway and vibration that may be induced by the operation of die 
travelling bridge crane. It is learnt that some mill buildings in use in 
USA have had to undergo extensive revisions with costiy additions of steel 
because they were too flexible with regard to side sway in the upper column 
segments above the crane runway giitler. 
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sicnoN IV : mill buildino column with ckane oantry 



D«tlgn Sxunpki 10 



Duign Exmmple 10 — Sttpped MiU BtiiUimg Column with Omn* Gantry 

Gut-stctienal lUvalion at ant of the coiumns sheua A* gmtrtU anongmmt and Hmm u i m u . Tht 
mill hiiUiiif^ttnts ait asstmuJ to bt 9 m cjc and tmu tin column liti is not hiaum at tht mUttt U ii 
mctssmy to gtt somt prtliminaiy tstimalt as to btndmg 
mamtnts in ordtr tocMnach tht final dtsipi throuffi 
a strits of trials. Tht lattral load is sptcfftid as 10 
perctnt y tht cram rvmoajr rtactian of 80 t and this is 
apportiontd hajf to lach column. This shttt shows 
tht rough initial 'gutss' as to R^ Uading to an 
initial approximation of binding momtnt in tht tob 
column stgtnent AB for which tht actual load is tht aiad wtight of tht rpa^ truss systtm plus st^trim- 
postd load, alt estimattd at 40 t. 



Trial DMign of Top 
Sagmant 



I 

of 
12 



Sttpptd Mill Building Column with Grant Gantry 

For effective lengths, su Fig. 14 of Appendix G of IS: 800-1956 

Column segmtnt A to B 

To makat preliminary selection, estimate bending momenti: 
Estimate i?.4 =» 1/2x4 = 2t 
Trial Af,^ = 2x4-5 " 9 m- 1 

Effective length considering X,-X] wdi • 1 5 I. 

■=. 1-5X4-5 
=. S-75 m (/«) 

Effective length considering Y,-Y, axis -■ 1-OZ, 

- 4-5 m (/„) 

4 I 

O III 




(— 4-5III- 



lUr 



I2n 



Ttj, ISHB 300, 63-0 kg 
Z(| =3= 8o3'3 cm , 
r,, = 12-7 cm, 

^., ^ 6-75x100 
r.: " 12-7 



80-25 cm' 
5-29 cm 
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/.I 



4 5x 100 
5-29 



85 



(This is maximum slnider- 
ness ratio.) 

Tnal/. ^-^'°' 



/. 



80-25 
9xl00>. 10» 



863-3 

for Max llr = /,/r, 

F, = 1 003 kg/cm* 



^ 498 kg/cm' 

« 1 040 kg/cm' 
•> 85 
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Thi trial stltction is chicked for Us mbquaty. It 
is famti Um Iht stUctim is slightly utuUr-designed 
and ti»C€ tin maments an otUy known to a rough 
dtgre* tf approximation, the trial of the next heavier 
ISHB » suggtsud. 



Design Example 10 



2nd Trial DMlgti of 
Top Segmant 



2 

of 

12 



For determining maximum allowablr bending stress for bending of the column about 
Xj-Xi, Ifilb ii to bM; considered as the Beam-Column section is likely to buckle laterally 
about YpY,. 



lib -- 



430 



25 
= 18 

F, = I 575 kg/cm= 



498 ,1040 n .o- , „^ 

roo3 + rirs = o*«--o"«^ 



I ■ 1 5 j > 1 — No Good 
(j«9.5of IS: 800-1956; 



Moment due to eccentricity has been neglected. 



Improve trial section for AB by adding trial eccentric moment. 



Tty ISHB 350, 72 4 kg. 
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srcTiON IV : mill buildino column with crane gantry 



Daiign Exampl* 10 



Tht fast trial stUction for the louier perl of the 
column is shown in cross-section and the moment of 
inertia calculated about A-A axis. On the basis 
ofthi trialsection, it is possible to estimate the eccentric 
momtnt and this is done initially as if the top and 
bottom at A and C were pinned. This is still only a 
rough approximation of the actual moments which are later determined by the moment distribution 
procedure on Sheet 7. 



TrimI DMlgn of 
Bottom Seftnont 



3 

12 




Before trying ISHB 3 JO, 72-4 kg for the 
upper column section — consider 
Column B-C 
Trial section : 
Vertical load 
Assume F, 



Area required 



80+40=120 t 
650 leg/cm' 
120xlO» 



^ ilwa 4M -4 n-OOon 



SCCTION MM 
M-20-35iii-t 




650 

— 185 cm' (ignoring 
eccentricity) 
Try 2— ISWB 450, 79-4 kg 

A = 2xl0115=202-3cm« 
Try the arrangement as shown in the 
sketch M-M. 
Trial section M-M: 
Calculate Iji^ 

I^^ =2x1 706-7 

+ 10M5(32-%)«x2 
= 3 413 4+220 000 
= 223 413 cm* 
/„ = 2x35 057-4 

= 70 105 cm* 



Applied eccentric 
moment 



80x32-96-40x15 
2 035 cm- 1 



Preliminary 
as pinned 



S-SSm-t 



R^ 



approximation 

2 035 
16-5x10' 



assuming 



1-23 r 



•c 



M,j, 



A/. 



2 035x4-5 
16-5x100 



2 035x12 



« 5-55 m- t (This distribution is approxi- 
mate assuming that the 
Section from A to C is 
uniform.) 



- 16:51000 -" '^•«°'"' 

Check revised selection suggested in Sheet I for AB for resisting ihese approximate 
moments also. 
ISHB 350, 72-4 kg 

A = 92-21 cm' F, = 995 kg/cm» 

r. = 14-65 cm ... 450 

r, = 5-22 cm '"> ~ li " '^ 

Z, - 1 131-6 cm» f^ == 1 57.i kg/cm* 

Maxllr^ir, = Mr = 86 /. - ^^^' =- 434 kg/cm' 



92-21 
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DMign Example 10 



Thi initial trial tUsign with ISHB 350, 72-4 kg 
izhuni loo small and in thi second trial ISWB 500, 
95-2 kg sections art used. This is found to bt 
satisfactory, still on the basis of utry approximate 
momtni estimates, the section properties in the main 
segmml BC are determined. On this sheet also, for 
the first time, the additumal direct force due to dead weight of walls, girts, siding and column is 
estimated and added to the axial load. 



Trial Daslpi of 
Bottom Sagmont 



4 
of 
12 



Total M. 




♦34- 
995 



/. 



1 287 



90* + 5-55t 
14-55 m- t 
14-55x10' 
1 I3I-6 
1 287 kg/cm« 



5sr +-Tr5r= 437+0-817 



1 575 

-I-254>1— NoGood. 
Try ISWB 500, 95-2 kg 

A ■= 121-22 cm* 
Z, = 2 091-6 cm*, r, = 4-96 cm 



F. 



958 kg/cm», r, 

' 25 

F, 



= 20-77 cm 
= 18 
1 575 kg/cm» 



AMUffling revised' section M-M as in the sketch. 

Applied eccentric moment is 80x40-46— 40x 15=2 637 cm- t 

5-5 
Approximate moment to AB — 2 637 x ^^ ^^ = 714 cm- t (set Sheet 3) 



I I »iA 



/. - 









331 
958 



•f 



775 
1 575 



40x10* 
121-222 

(900 + 714) X 10 ' 
2 091-6 

0-346+0-49 



20-35 
= 331 kg/cm' 

= 775 kg/cm« 

= 0-84<l OK. 



Vse ISWB 500, 95-2 kg for section AB. 
Check stress in BC (see Sheet I) 
Oue to 4 tonnes lateral load 

.Sipprox moment at C=± (2x 16-5— 4x 13) 

Approx moment at J?=± (2x4-5 — 4 x 1) 

Approximate moment 

at B due to vertical load ==26-37-7-14 

Total Max moment at B 
/^^ = 2x1 706-7+2x101-15x40-46' 
/„ = 2x35 057-4 

Estimate additional dead weight: 

at middle of segment BC — assume column spacing of 
8-5 m girts+siding @ 25 kg/m' =0025 x 8-5 x 10-5 - 2-24 t 
column AB % 95-2 kg/m=0 095 2 x 5 = 0-476 t 

colunm BC @ 200 kg/m (say) =0-200 x 6 =■ 1-200 t 

Toul iS 4-0 t 



±19m- t 
± 5 m- t 

19-23 m- 1 
24-23 m- 1 
334 600 cm' 
70 115 cm* 



• &• Sheet 1. t-SxSKeetS. 
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SECTION IV : MILL BUILDINO COLUMN WITH CRANE GANTRY 



Cmtuiaing the analysis on Shiel 4, it is found that 
the main section now appears over-disigned and a 
smalUr section is tried. The calfulations are a 
repetition of iht previous sheet and the smaller section 
is found to be satisfactory. 



D«ti|n ExampI* 14 



Trial Design of 
Bottom Sogmont 



S 

«f 
12 






Effective Ijr 



40+80+4 

202-3 
2 423 X 5046 

334 600 

0-85 X 1 200 

1863 



X 10« =615 kg/cm« 

X 10" -364 kg/cm«, r„= 18-63 cm 

=55 {see Fig. 14 in Appendix G of IS: 800-1956^ 



615 



+ 



F, 

364 



" l^^u^i""! ) from IS: 800-1956 
= 1 500 kg/cm* ) 

= 0-529+0-243=0-772 <1- over design 



1 159 ' 1 500 
Try smalUr sections 2—ISLB 450, 65-3 kg 
Check width/thickness ratio of web [see 18.4.2 of IS: 800-1956) 

d~-2t, = 450-2x13-4 



'« = 
dit, - 

.'. Effective width = 



423 2 mm 
8-6 mm 
423-2 



8-6 



49>45 



45 f, 

- 38-7 cm 

Width reduction == 423-387 

= 36 mm 

Area reduction ~ 3-6 x 0-86 

---- 3 09 cm* 
Effective area 

"l ofsection -~ 8314-309 

J -- 80-05 cm* 

Toul -- 2 X 8005 = 1 60 I cm« 






2x853+2x8314»x40-43» = 273 500 cm* 
2x27 536 = 55 072 cm* 

0-85x1200 



r„ = 18-20 cm. Effective //r 



/. = 



124x10' 
160-1 
2 423x4893 
273 500 

0-67+0-29 



18-20 
= 56 
F, = 1 156 kg/cm« 
F, = 1 500 kg/cm« 

- 775kg/cm« 



X 10" -- 435 kg/cm« 

= 96<1 OK. 



775 435 

nsg" + T350" 

Now make accurate check on moments uiing moment distribution method consideriiig 
AB—BC at leparate members. 

* Full aiwi lo olcuUtioa of lecdon propertiot. 



J 
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Datign Example 10 



Analytl* of Forces 
end Momentt 



6 

of 
12 



A satisfaeUny design having been arrived *l an the 
hosts of approximate moments, these moments are now 
calculatid more exactly. The Hardy Cross Method 
iff moment distribution is used. It is desired to 
determine the bending moments in the column for an 
arbitrary moment introduced at B ; also, for an arbitrary 
lateral force introduced at B. By keeping these separate it will be possible to handle combinations 
of load trwre readily. In the initial analysis for moment introduced at B, an artificial imaginary 
restraint is provided to hold B against lateral movement. On the basis of the resulting moments 
caused by an equal and opposite restraining force and superposing it on the initial solution, the effect 
of restraint is removed and the desired solution is obtained. The analysis for lateral force at B is 
started by assuming a displacement at B with no rotation. Rotation is then permitted and after 
distribuium of moments, the force consistent with these moments is determined. Then, by proportion, 
the moments for unit force at B may be evaluated. Finally, there are summarized the bending moments 
due to a unit lateral force at B and due to a hundred units of moment at B. .Vow, referring back 
to Sheet 4, the actual moments cawted by the eccentric moment and lateral force are evaluated and the 
combined maximum moment is given at the bottom of the next sheet. 

Analysis for eccentric load— Apply unbalanced 
( — ) moment of 100 m- t at B 



1«52 290 cm 

A / 



1*273 500 cm 



u.. 



-ABTlftClAi »»TMtNT 

12 m 



^ 




StiSheii of^l 3 52 290 
(one end be- >■ = — x 
ing hinged) J 

Bc = ~;"rr = 22B 



-27-6m.t -72-4m-l -36-3m-t 

Distribution factors at B: 
87 



4 '^ 450 
273 500 



Tor BC = 724 



= 0276 



1 200 
Assuming restraint at B, a total applied moment of — 100 m- t is distributed as 

Mmc ^- -72-4 m- t ^ (i) 

and AfoB 

Shear in /4fl= il^ = 6-2 t It 



= -27-6 m-t 1 
-= -72-4 m-t \ 
= -36-2 m- t J 



Shear in fiC= 



4-5 
72'4+36-2 
12 



Applied restraint 

A 




Analysis for displacement with ru> rotation 
3 £/A 3x52 290£A 
T^; 455J 

6x273 700£ A 

iloo' 



M,. - 



M, 




= 0-775 £A 
= 1140 £A 



.(iii) 
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ncnoH rv: mtt •uiloino column with ckane oantry 



B«stJ M valms at rtlatien (iiO in Shut 6, nlatien- 
tk^ tfOMm rejtraiiimg firrf at B and thi menunti 
m ptrtims BA, BC and CB imtf ht worked out as 
given in Ihit sheet. 



DMign Cxmmpi* 10 



Analytit of PorcM 
uid Moments 



7 
of 

n 



ito (FEM) 



Fixed end 
Dbtilbutiau 
Cany over 

Fiiul 



Mcnent diNributioa 
for 1 unit of force at V t 



0-276 0-724 



-77-5 
-10-1 



-87-6 (^ 



Shear 



- TT 

- 19-5 f 



i t 



87-6 
19-J-t-li-*' 



-2- J 



-2-S 



+ 114 
- 26-4 



■♦114 
- IS-2 



O ■t-87-6 



-f 100-8 



u 



Shear 



87-6 ■)- 100-8 



IF 
- IV7t 



+m-« 



19-S-H5-7 
-+2-S 



■t- 100-8 

19-5-HS-7 

- ■1-2-87 



on tU< renilt, the relalloaahip between the applied moment at B and flnal dUtribuied . 

la the applied moment without any artificial ratraint at B for lateral movement may be worked out. 

Applied moment — 100 m* i 

A B 



(i») 
due 



a) Diitiibution with reuraint at B {ui 
Sheet 6) 

b) For releaiini the rcMraint of 2-9 1 1 
{at Sheet 6) from the reUtion (iv) 

Final dblribution for 100 uniti of 
■Dooient at B 



-I-27-6 
+ 7-2 



+ 3*i 



+72-4 
- 7-2 



+96-2 
-8- J 



+ 65-2 



+ 27-9 



(v) 

From tbeic rcKiltf, the fiiud diatribulioa of momenta in the problem under design here could be worked out. 

Applied load! are: 

a) lateral load of ±4 1 at A (jw Sheet 4) 

b) Buwent of ±4 m- 1 at A 

c) moment due to eccentricity -■ — 26-4m-t (i« Sheet 4) 



For ±4 t lateral load at B 

For i* m- 1 at B 

For —26-4 m- 1 (due lo eccentricity) 



Maximum combined moment 



TlO 
.T 1-4 
+ 9-2 



± 10 (from iv) 
T 2-6 (from v) 
+ 17-2 (from v) 



±11-48 
^ 1-12 
+ 7-1 



+ 20-6 +24-6 



+ 17-J 



t Shear - 



24-6+ 17-J 



TT 



- J-Si 
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Daslgn ExampI* 10 



Pinal Design of Column 



t 
of 
12 



Tin strut condition in tht t^per stgmtnt AB and 
thi Itwtr stgment BC is clucked andjomd to be just 
salirfactoiy. 

flu dtsitn of the connection to transfer the vertical 
load from AB to BC and to simultaneously take care of 
the tending moment at the juncture point is now investi- 
gated. As a starling point, the vertical load of 41-5 t is transferred without cottsideration of bending 
moment with the addition of the ISLB 300, 37-7 kg to act as a diaphragm and to provide a reaction 
to Uu column section directly under the crane runway girder. Horizontal diaphragms are introduced 
at positions marked {4) in thehgure and the moment capacity of these is checked. Since the diaphragms 
are more or less flexible in the vertical direction, these rivets are assumed to carry only a horiamtal 
component of load. The moment capacity of these diaphragms is irtsufficient and additional rivets 
are added along line B-B to provide extra moment capacity as calculated in Sheet 9. The rivets 
along plane B-B are assumed to be good for vertical comporunt of stress only. Since the 
moment arm of the rivets in the horizontal plane and those in the vertical planes are about equal they 
are assumed to share equally per rivet in the load. 



IlKlmktd CeeMmi Sttus 
Upper wginenl ><£— ISWB ^00, 95-2 kg 
20 6 X IC 



*331 , 985 

-+n75 



$i8 



- 0972<1 OK. 



- 985 kg/cm' 



Lower letment BC—2 ISLB 450, 65-3 kg (jn Sheet 5) 

, 24-6x103x4893 „, , , , 

f* i5«TSS - «3 kg/cm- 



273 700 
- 0-961 < 1 OK. 



t7» , 453 

I (44 ■'■nH 

Vm i—tSLB 450, 65-3 kg. 

Cemfrtuim tfka AB It BC— First £KuHn tremtfer ef eerlUtl ltd idy. 

Load on jlB-40+0-96 (waU) +0-476 (MU'wt)-41-5 t (>«) 

KeaetioB aa (be two ISLB 430, 63-3 kff wctiofu (oD lion B-B and A-A) irould be half the loul vertical 
bad if tha ooliiinii AB were lymmettical in plana with reapect to tlie column BC. 



UNC Of ACTION 
or naricAi. LOto 




Thii being not the cue (t« the diagram- 
matical ipUce) 
Taking momenU on Une A-A i 
350 



DUOCMMATIC SPLCt 

-END m pi»rt 



Reaction at B-B 



Reaction at A-A 



JSa 



X41-5-28-3 t 




- 4I-5-2S-5-I3t 

The ihear at C-C for which the joint between 
flange of ISLB 300, 37-7 kg and ISWB 300, 
95-2 kg iijiubjected to ii alio •• 13 t 
Trf 20 nun rivet on web of 
ISLB 450, 65-3 kg 
VaHie In bearing - 2-1x2-360x0-86 
- 4-27 '. 

Value in (Ingle » x 2-1 • , „. 

" 1-023 



4 

- 3-33 t 
.'. Value of tingle (bear control* 
at B-B: 

28-5 



No. of riveti required — ■ 



^» ^ OUB«»nM. 

Uw taa 2ft«Mi riven at B-B mnaecting flange of ISWB 300, 93-2 kg to web of ISLB 450, 633 kg. 
•SeTwiok 4. ~f&r ihM S~ "~ 
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SECTION IV : MILL BUILDING COLUMN WITH CRANE GANTRY 

















DMign Example 10 


♦ 
Of 

12 


At A-A and C-C 


Detifn of Splice 




1 


13 
No. of rivets required = -s-rs — 367 


1 


U$e six 20-mm rivets at A-A and C-C, connecting flange of ISLB 300, 37-7 kg to web 
of ISLB 450, 65-3 kg and the other flange of ISLB 300, 37-7 kg to the flange of ISWB 
500, 95-2 kg respectively. 


TransfiT of Bending Moment 




Although riveu considered in the last sheet at A-A and B-B provide some moment 
resistance, check moment capacity at diaphragms 4-4 only. 




1 (O 1 




Value in single shear 
of 5-16 mm rivets ^^ [.yt 
on each side — j — x 1 -025 

- 2-32 t 

10 rivets carry 

10x2-32 = 23-2 t; 




• 1*. 


.«._(>_•. Jit- J J 
II 
II 
II 


• 










II 








Lever arm — 80 cm 




II 

II 




80cm 


Rivets good for horizontal stress only. 






II 

H 








Moment capacity of diaphragms (4) 
(through the ten rivets) 






II 
II 






- 


- 23-2x80 

= 1 856 cm- t 

Moment to 

be resisted = 2 460 cmt 

(JM Sheet 7) 












45 Jr 


f> 






Balance = 604 cm- 1 

NoTK — Maximum moment addi to itraii in line 
B-B. 






Jy I 






. 


Increase the number of rivets of 20 mm 
diameter connecting flange of ISWB 
500, 95-2 kg and web of ISLB 450. 
65-3 kg in the vertical plane to 1 1. 

11—8 = 3 rivets good for 
vertical streu only 

Lever arm same 

as for diaphragms == 80 cm 

Moment = 3x80x3-55 
















i. A. 








- 854>604an-t 


1 1 




.... 


.OK. 1 
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Thi lacmg tori for Ihi layout ihoum on Sheet 9 an 
' iolh 01 tomprtssii't Units and ImsUm mmbers. 
Tht Sjfamc* between this and the previous lacing 
design txampU under centric load {Design Example 7) 
is the additional shear induced by the lateral load and 
ecttntricitf of vertical load that is added to the 
2-5 percent of axial load. 



Design Example 19 



DMign of Lacing in 
Bottom Sogmont 



10 
of 
12 



Design of Lacing 

Try 45° layout as shown in Sheet 9 

Check local -^-; r, of ISLB 450, 65-3 kg 

r,.., 



3-2 cm = r,., 
/ == 110 cm 



/. 



110 




— i- = -s-^ = 35<0-7 X 56 (of main member) OK. 

35<50 OK {see 21.6 of IS : 800-1956) 

Shear 

Load due to applied momc/it = 3-5 t {see Sheet 7) 

2-5 percent of axial load = 0025x 125 = 312 t {see 21.2.1 of IS : 800-1956; 

Total = 6 62 t 

Force i.i the lacing -= 6-62x \/2" " 9-36 t 

Try ISA 10075, 6 mm with two rivets at each end. 

A = 10I5cm« 

rmin = 1 -59 cm 

Effectix e length = 80x'\/r= 113 cm {see 21.2 J oi 

IS : 800-1956" 

113 

'/' ='- T:^ =7I<145 OK(««21.2J 

'■^^ of IS : 800-1956) 

F. = 1 090 kg/cm« (Table I of IS : 800-1956. 

Capacity of 2 angles = 2x1090x1014 == 221 t>9-36 OK, 

but over design 
Try ISA 70 45, 50 mm 

A = 5-52 cm* 

rmin = 0-96 cm 
//r = ^ = II8<145 OK. 

Capacity of 2 angle sections = 2x0-726x5 52 = 805 t<9-64 t— No Good. 

Use ISA 70 45, 60 mm 

A = 6-56 cm*, .\pprox capacity as before = 0-726 x 2 x 6-56 

= 9-5t OK. 

fmln = 0-96 cm 
.Use four 20-mm rivets value = 4x3-55» = 14-2 t>9-36 t OK. 

~*&tSheet8. 
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Design ExsmpU 10 



Design of Tie Plate 



11 
of 
12 



75' ; SOU- 1956 calls for end tie plales on coripres- 
iion members equal in length to the lateral breadth 
cjc of riiet groups attaching the lie to the main com- 
ponents. The layout shown at the centre of the sheet 
indicates the minimum length of the tie plates and 
may be made larger depending on how the lacing 
spacing works out in tlie final details, hour 25-mm diameter anchor bolls are shojm and Ihey engage 
a channel that is riveted to the end lie filates. Il is well to haie some f.V(C.i.s of riveting in a detail 
of this kind so as to tie the cud of the cotwiin into o single unit. The lie filale is first ihecked for 
its adequacy in transmitting the shear since il functions to take the plate of a lacing bar in the end 
segrrunl. The rivet group is found to be more than adequate. The anchorage bars are assumed 
to be prelemioned to their full permissible stress of I 260 kgjcin'' which o desirable to ensure adequate 
rotational rigidity. In order to check the moment ca/imily, it is assumed that a rectanguhr stress 
block is developed similar to what would be exjicctcd at ulltmnle load bul here slwun at the allowable 
working bearing pressure on a concrete filer of 55 kgjcm-. 'I aking momcnh aboul the centre of the 
bearing plale, it is found that the moment capacity is more than double the lulual applied moment. 
{It is obvious that the more lonientional assumption of triangular block oj picssure would also provide 
satisfactory resistance.) The additional safety with respect to montent is desirable and should proiide 
adequate end fixity in accordance with design assumptions. The details for checking the thickness 
of bearing plale shown as 3 cm are also given. There is approximately a lO-cm overhang beyond 
the web of the main wide Jlange column members and this plate wilt distribute the load at less than 
the permissible I S!)0 kgjcm' stress for bending in the bearing plate. 



CG Of THE 
RIVETED GROUP 



5TIFFENER 




I,e 


I'lale 


Shear piT ti<' plate 


*6 62 t 

2 


Shear per groii)) 
of rivets 


6 62 , ,... 

—-r- = 1 63 J t 


Moment 

- 1 655 > m 


132-4 em- t 



try sixleeti 2U-iiuii rivets: 
Average verlical spacing == 't cm 
Horizontal spacing •- 10 cm 



d- 

1() ©5= 
\ Ki) 4- j» 

v® i3:)» 
i@.22:i" 

V(d 31 ■>■' 


,1- \y 
■ 400 


^ 3 969 
7 204 

7 204 ■*'^ 




():i8l<3-55i 
shear OK 



KWcm 



No need lo compule R,. Kivels uiicli isuissccl in shear but needed to transfer load to 
basF plate. 



* Su Sheet lU. 
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Dtsign of Bearing Piatt 
Auuming uniform load distribution: 
Tiy 100 X 70 cm bearin? plate. 
Bearing prenure on concrete = 55 leg/cm* 



DMifn Ixampi* 10 



DMign of •••ring 
Plate and Anchorage 



12 
of 
12 



(tMlSJ.2oriS : 800-1936) 



A 



3x55 



890 



(10«-0») = 3 cm 



Chick Anchorage 

Try 25-mm anchor bolts. 




50 cm 
70cm 



Net area 



0-7x 



irx2-5« 



125 1 



= 3-43 cm* (assuming net 
area = 0-7 gross area) 

Assuming bearing on concrete base 
as 55 kg/cm* on rectangular stress block 
of widtii, S(^, a: 



^,-4—^1 750 cm-l 
-1 i^ 



2x8-6t 4- 125 - 

a 
Applied moment 

MomiTHt capacity 



70 X 55 X g 
1 000 
- 37 cm 
-- 17-5 mt (w Sheet 7) 

.. ,426 il«L 

-= 4 500cmt>l 750 
OK. 



e«t 




With the conventional triangular distribution 

2x8-6+125 ^2p^^ 
2 X 1 000 

a - 74 cm 

Moment capacity = 142-6 (25) 

= 3 565 cmt> 1 750 cmt 



t2St 



u 



••6t 



I 750 cmt 

N — 



U 25cm-4 



e-6t 






.OK. 



' Ii U coiucrvative to uiume B-0 (<>< sketch), 
t Ahuiiw anchor bolu prtleniioned to 1 260 kt/cm' : 
2xl26dxS'4}-8-6t 
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SECTION V 

CONCLUDING REMARKS CONCERNING 
COLUMN DESIGN 

12. EFnCIENCY OF COMPRESSION MEMBERS 

12.1 The design examples presented in this chapter have shown that for 
heavy loads and/or short lengths the centrally loaded column provides 
an effective stress carrying member. Because of the lesser stress that is 
permitted, the column is usually not quite as efficient as the tension member, 
except in cases where large deductions must be made for net section of rivet 
&r bolt holes. 

12.2 When small loads are to be carried over long distances, such as is the 
case in secondary bracing, the column becomes an inefficient member 
because of the very low stress that is permitted. When the permitted 
column stress for the minimum practicable //r falls below 600 kg/cm*, it is 
probable that the u$e of cross bracing, designed to carry the load in tension 
only, may be more economical than the use of a single diagonal that shall 
carry the load either in tension or compression. Thus column action is 
eliminated. There are many illustrations to be found in actual structures 
of such use of cross bracing. One such example is shown in Fig. 2 where 
light cross bracing is used for end wind load and crane braking, both in the 
plane of the roof and plane of the walls. 

Figure 2 also shows crane runway girders carried by welded brackets 
attached to tapered columms as an alternate to stepped columns used in the 
previous Design Example 10. The use of such brackets may introduce 
more of a fatigue problem and will also cauxe greater eccentric moment 
than the use of the stepped colunuu. 
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SECTION V : CONCLUDING REMARKS CONCERNING COLUMN DESIGW 



TABLE I 


ALLOWABLE 


AVERAGE STRESSES FOR 


AXLiL COMPRESSION 






{Clause 2.2) 






llr 






llr 




*• 




kg/cm« 


V 

tons/in.' 


kg/cm« 


■^ — — ^ 
tons/in.' 


fl) 


(2) 


(3) 


(1) 


(2) 


(3) 


1 


1 233 


7-83 


45 


1 187 


7-54 


2 


1 233 


7-83 


46 


1 184 


7-52 


3 


1 233 


7-83 


47 


1 183 


751 


4 


1 232 


7-82 


48 


1 180 


7-49 


j 


1 232 


7-82 


49 


1 178 


7-48 


6 


1 232 


7-82 


50 


1 175 


7-4G 


7 


1 232 


782 


51 


1 172 


7-44 


8 


1 232 


7-82 


52 


1 169 


7 42 


9 


1 232 


7-82 


53 


1 165 


7-40 


10 


1 232 


7-82 


54 


1 162 


738 


11 


1 230 


7-81 


55 


1 159 


7-36 


12 


1 230 


7-81 


56 


1 156 


7-34 


13 


1 230 


7-81 


57 


1 153 


7-32 


14 


1 228 


7-80 


58 


1 150 


7-30 


15 


1 228 


7-80 


59 


1 145 


7-27 


lf> 


1 228 


7-80 


60 


! 140 


7-24 


17 


1 227 


7-79 


61 


1 137 


7-22 


18 


1 227 


7-79 


62 


1 134 


7-20 


19 


1 225 


778 


63 


1 129 


717 


20 


1 225 


7-78 


64 


1 124 


7- 14 


21 


1 224 


7-77 


65 


1 120 


711 


2"' 


1 224 


7-77 


66 


1 115 


708 


23 


1 222 


7-76 


67 


1 no 


7 05 


24 


1 221 


7-75 


68 


1 106 


•'•02 


25 


1 221 


7-75 


69 


1 101 


699 


26 


1 219 


7'74 


70 


1096 


6-96 


27 


1 217 


7-73 


71 


1090 


692 


28 


1 217 


7-73 


72 


1 085 


6-89 


29 


1 216 


7-72 


73 


1 079 


6-85 


30 


1 214 


7-71 


74 


1 072 


681 


31 


1 213 


7-70 


75 


1068 


678 


32 


, 1211 


7-69 


76 


1 061 


674 


33 


1 210 


7-68 


77 


1055 


6-70 


34 


1 208 


7-67 


78 


1 050 


667 


35 


1 206 


7-66 


79 


1 044 


6-63 


36 


1 205 


7-65 


80 


1038 


6-59 


37 


1 203 


7-64 


81 


1032 


6-55 


38 


1 202 


7-63 


82 


1025 


6-51 


39 


1 200 


7-62 


83 


1017 


6-46 


40 


1 198 


7'61 


84 


1009 


6-41 


41 


1 195 


7-59 


85 


1003 


6-37 


42 


1 194 


758 


86 


996 


632 


43 


1 192 


7-57 


87 


989 


6-28 


44 


1 189 


7-55 


88 


981 


6-23 
{Coiainud) 
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TABLE I ALLOWABLE AVERAGE STRESSES FOR AXUL COMPRESSION— Giii/</ 


llr 


F. 




llr 


P. 












L 




kg/cm* 


tons/in.' 




kg/cm' 


tons/in.' 


(1) 


(2) 


(3) 


(1) 


(2) 


(3) 


89 


973 


618 


135 


592 


3-76 


90 


965 


613 


136 


586 


3-72 


91 
92 


958 
950 


608 
603 


137 
138 


578 
572 


367 
3 63 


93 


942 


598 


139 


565 


3-59 


94 


934 


5-93 


140 


559 


3-55 


95 
96 


926 
917 


588 
5-82 


141 
142 


553 
546 


351 
3-47 


97 


909 


5-77 


143 


540 


343 


98 


899 


5-71 


144 


534 


339 


99 
100 


891 
884 


5-66 
5-61 


145 
146 


528 
521 


335 
331 


101 


874 


5-55 


147 


515 


327 


102 


865 


5-49 


148 


509 


323 


103 
104 


855 
847 


5-43 
5-38 


149 
150 


504 
499 


320 
317 


105 


838 


5-32 


151 


491 


312 


106 


830 


5-27 


152 


485 


308 


107 
108 


821 
813 


5-21 
516 


153 
154 


479 
472 


304 
300 


109 


803 


510 


155 


466 


296 


no 


795 


505 


156 


461 


2-93 


111 
112 


786 
776 


4-99 
4-93 


157 
158 


455 
449 


2-89 
285 


113 


769 


488 


159 


444 


282 


114 


759 


4-82 


160 


438 


2-78 


115 
116 


751 
742 


4-77 
4-71 


161 
162 


433 
427 


2-75 
2-71 


117 


734 


4-66 


163 


422 


2 68 


118 


726 


4 61 


164 


416 


2-64 


119 
120 


717 
709 


4-55 
4-50 


165 
166 


411 
406 


2-61 
2-58 


121 


701 


4-45 


167 


402 


2-55 


122 


S93 


4-40 


168 


397 


2 52 


123 
124 


585 
676 


4-35 
4-29 


169 
170 


392 
387 


249 
246 


125 


668 


4-24 


171 


381 


2 42 


126 


660 


419 


172 


376 


2-39 


127 
128 


652 
644 


414 
409 


173 
174 


372 
367 


236 
2 33 


129 


636 


404 


175 


362 


2-30 


130 


630 


400 


176 


357 


227 


131 
132 


622 
614 


395 
390 


177 
178 


353 
348 


224 
2-21 


133 


608 


386 


179 


345 


219 


134 


600 


381 
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APPENDIX A 

{See Foreword) 

INDIAN STANDARDS ON PRODUCTION, DESIGN AND USE 

OF STEEL IN STRUCTURES 



ISI l.as so far issued tlie Ibllowing Indian Standards in the Held ol' 
production, design and utilization of steel and welding: 

IS : 800-1956 Code of Practice for Usk of Structural Stekl in 
General Building Construction 

IS : 801-1958 Code of Practice for Use of Colu Formed Light 
Gauge Steel Structural Members in General Building Cons- 
truction 

IS : 804-1958 Specification for Rectangular Pressed Steel Tanks 

IS : 806-1957 Code of Practice for Use of Stkel Tubes in General 
Building Construction 

IS : 808-1957 Specification for Rolled Steel Beam, Channel and 

Angle Sections 

IS : 812-1957 Glossary of Terms Relating to Welding and Cuiting 
of Metals 

IS : 813-1961 Scheme of Symbols fOR Welding {Amended) 

IS : 814-1957 Specification for Covered Electrodes for Metal Arc 
Welding of Mild Steel 

IS : 815-1956 Classification and Coding ot Covered Electrodes 
for Metal Arc Welding of Mild Steel and Low Alloy High- 
Tensile Steels 

IS : 816-1956 Code of Practice for Use of Metal Arc Welding for 
General Construction in Mild Steel 

IS : 817-1957 Code of Practice for Training and Testing of Metal 
Arc Welders 

IS : 818-1957 Code of Practice for Safety and Health REy.uiRKMENi's 
IN Electric and Gas Welding and Cutting Operations 

IS : 819-1957 Code of Practice for Rf^istance Spot Welding for 
Light Assemblies in Mild Steel 

IS : 1 173-1957 Specification for Rolled Steel Sections, Tee Bars 

IS : 1 1 79-1957 Specification for Equipment for Eye and Face Protec- 
rioN During Welding 
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IS : 818-1 968 Cook or PnAoncB for Safktv and niALTH Rif^uiUMBNn 
IN Elkctric and Gas Welding and Cuttino Operationi ( FirsI 
revision } 

IS : 819-1957 Code of Practice For Resistance Spot WELoiiJO for 
Light Assemblies in Mild Steel 

IS: 1173-1967 Specification for Hot Rolled and Silt Steel, Tee 
Bars ( First revision ) 

IS: 1 179-1967 Specification for Equipment for Eye and Face Pro- 
tection During Welding ( First revision ) 

IS : 1 181-1967 Qualifying Tests for Metal Arc Welders ( Engaged 
in Welding Structures Other Than Pipes ) ( First revision ) 

IS: 1182-1967 Recommended Practice for Radiographic Examina- 
tion of Fusion Welded Butt Joints in Steel Plates ( First 
revision ) 

IS : 1232-1958 Specification for Rolled Steel Sections, Bulb Angles 

IS : 1261-1959 Code of Practice for Seam Welding in Mild Steel 

IS: 1278-1972 Specification for Filler Rods and Wires for Gas 
Welding ( Second revision ) 

IS: 1323-1966 Code of Practice for Oxy-Acetylene Welding for 
Structural Work in Mild Steel ( Revised ) 

IS: 1395-1971 Specification for Molybdenum and Chromium-Moly- 
bdenum-Vanadium Low Alloy Steel Electrodes for Metal Arc 
Welding ( Second revision ) 

IS : 1442-1964 Specification for Covered Electrodes for the Metal 
Arc Welding of High Tensile Structural Steel ( Revised ) 
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APPENDIX B 

( See Foreword ) 

COMPOSITION OF STRUCTURAL ENGINEERING SECTIONAL 
COMMITTEE, SMOC 7 

The ISI Structural Engineering Sectional Committee, SMDC 7, which 
was responsible for processing this Handbook, consists of the following : 



ChairnuH 
DiKECTOR, Standards (Civil) 



Rtprtstnling 
Railway Board (Ministry o( Railways^ 



Public Worb Department, Madras 

Brid^ & RoorCo. (India) Ltd., Calcutta 
Public Workj Department, Calcutta 
Engineer-in-Chief's Branch, Army Headquarters 



Mmbtts 
Sh>u p. Balakrishnan 

Shri D. I. Paul (AUtmate) 
Shri B. N. Bannerjee 
Shri Rachudas Ball 
Col G. Benjamin 

Shri R. S. Mehandru (Alttrnalt) 
Shri J. G. Bodhe K. R. Irani & Co., Boml>ay 

Shri D. S. Desai Institution of Engineers (India), Calcutta 

Mr. F. J. Fonseca Richardson & Ouddas Ltd., Bombay 

Mr. W. Fernandes {Altttnati) 
Joint Director Standards (B& S) Railway Board (Ministry of Railwayi) 

Deputy Director Standards (B & S) (AlUrnaU) 



Shri S. C. Kaplr 
8hri C. p. Malik 

4- 

Shri Shri Krishna lAllrm/ilt) 
Shri L. R. Marwaiu 
Shri P. S. Mehta 
Shri B. N. Mozt.vnAR 



Shri P. L. Das lAllernalt) 
Shri Y. K. Mvrthy 

Shri M. P. Naoarsheth 

Shri C. M. Shahani 

Shri Sarip Singh 

Shri T. S. V'eoaciri ^AlUnatt) 
Shri D. S. Thakur 



Central Public Works Department. New Delhi 
National Buildings. Organization (Ministry 
Works, Housing & Supply) 



of 



Hindustan Construction Co. Ltd., Bombay 
New S^ndard Engineering Co. Ltd., Bombay 
Inspection Wing, Directorate General of Supplies 

& Disposals ^Ministry of Works, Housing &. 

Supply; 

Central Waler 4 Power Commission (Water Wing), 

New Delhi 
Ministry of Transport & Communications (Roads 

Wing) 
Braithwaite, Burn & Jessop Construction Co. Ltd., 

Calcutta . 
Committee on Plan Project, Planniiig Commission, 

New Delhi* 



Shri A. R. Vainoankar (Alltnuit) 



Bombay Municipal Corporation, Bombay 



Maj R. p. E. Vazipdar 
Shri V. VENUcoPAfeAN 

Shm S. S. Murthv <Alttmait) 
Shri B. S, KiutHNAMACHAR, 
Deputy Director (S & M) 



IBombay Port Trust, Bombay 
Central Water & Power Commission (Power Wing), 
New Delhi 

Director, ISI (Ex-cfficio Mtmbtr) 



Stctitary 

Shri H. N. Krishnamurthy 

Assistant Director (S & M), ISI 
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BUREAU OF INDIAN STANDARDS 

Headquarters: 

Manak Bhavan, 9 Bahadur Shah Zafar Marg, NEW DELHI 11 0002 

Telephones; 323 0131, 323 3375, 323 9402 

Fax : 91 1 1 3234062, 91 1 1 3239399, 91 1 1 3239382 

Telegrams : Manaksanstha 

(Common to all Offices) 

Central Laboratory: Telephone 

Plot No. 20/9, Site IV, Sahibabad Industrial Area, Sahibabad 201010 8-77 0032 

Regional Offices: 

Central : Manak Bhavan, 9 Bahadur Shah Zafar Marg, NEW DELHI 1 10002 323 76 17 

•Eastern : 1/14 CIT Scheme VII M, VIP. Road, Maniktola, CALCUTTA 700054 337 86 62 

Northern : SCO 335-336, Sector 34-A. CHANDIGARH 160022 60 38 43 

Southern : C.I.T. Campus, IV Cross Road, CHENNAI 6001 13 235 23 15 

t Western : Manakalaya, E9, Behind Marol Telephone Exchange, Andheri (East), 832 92 95 
MUMBAI 400093 

Branch Offices: 

'Pushpak', Nurmohamed Shaikh Marg, Khanpur, AHMEDABAD 380001 £50 13 48 

tPeenya Industrial Area, 1st Stage, Bangalore-Tumkur Road, 839 49 55 
BANGALORE 560058 

Gangotri Complex, 5th Floor, Bhadbhada Road, TT Nagar, BHOPAL 462003 55 40 21 

Plot No. 62-63. Unit VI, Ganga Nagar, BHUBANESHWAR 751001 40 36 27 

Kalaikathir Buildings, 670 Avinashi Road, COIMBATORE 641037 21 01 41 

Plot No. 43, Sector 16 A, Mathura Road, FARIDABAD 121001 8-28 8801 

Savitri Complex, 116 G.T. Road, GHAZIABAD 201001 8-71 1996 

53/5 Ward No. 29, R.G. Barua Road, 5th By-lane, GUWAHATI 781003 54 1 1 37 

5-8-56C, L.N. Gupta Marg, Nampally Station Road, HYDERABAD 500001 20 10 83 

E-52, Chitaranjan Marg, C-Scheme, JAIPUR 302001 37 29 25 

1 17/418 B, Sarvodaya Nagar, KANPUR 208005 21 68 76 

Seth Bhawan, 2nd Floor, Behind Leela Cinema, Naval Kishore Road, 23 89 23 
LUCKNOW 226001 

NIT Building, Second Floor, Gokulpat Market, NAGPUR 440010 52 51 71 

Patliputra Industrial Estate, PATNA 800013 26 23 05 

Institution of Engineers (India) Building 1332 Shivaji Nagar, PUNE 41 1005 32 36 35 

T.C. No. 14/1421, University RO. Palayam, THIRUVANANTHAPURAM 695034 6 21 17 



"Sales Office is at 5 Chowringhee Approach, P.O. Princep Street, 27 1 85 

CALCUTTA 700072 

t Sales Office is at Novelty Chambers, Grant Road, MUMBAI 400007 309 65 28 

t Sales Office is at 'F' Block, Unity Building, Narashimaraja Square, 222 39 71 

BANGALORE 560002 
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